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BLISA KIT FOR THE DETERMINATION OF METABOLIC PHENOTYPES 

BACKGROUND CF THS INVENTION 

(a) Field of _the Invention 
5 The indention relates to an er.z^e linked immuno- 

sorbent assay >,ELISA> kit fcr the rapid determination of 
metabolic phenetypes including but not limited to the 
following enzymes. CY? 1A2, N-acetyitransf erase- 1 (NAT- 
1}, CYP 2D6, CY? 2E1 , and CY? 3A4 . Ths ELISA kit uses may 
10 include but not be limited to, use en a routine basis in 
a clinical laboratory, and allowing a physician to a) 
individualise therapy for the numerous drugs metabolised 
by these enzymes,- b) cc predict susceptibility to car- 
cinogen induced diseases including many cancers, and c) 
15 to reduce the number of patients undergoing clinical 
testing by selecting for patients with the appropriate 
phenotyre most likely to respond, 
(b': Pes rrittior._. of the Prior Art 

For the majority of druge (or xenobiotics) admin- 
2D istered to humans , their fate is to be metabolized in the 
liver, into a form less toxic - and lipophilic with- "their;, 
subsequent excretion in the urine. Their metabolism 
involves two systems which act consecutively: the cyto- 
chrome ?4 50 system which includes at least 20 enzymes 
25 catalysing oxidation reactions and localised in the 
microsomal fraction. and the conjugation system which 
involves at least 5 enzymes. An enzyme of one system can 
act on several drugs and drug metabolites. The rate of 
metabolism of a drug differs between individuals and 
3 0 between ethnic groups, owing to the existence of enzy 
matic polymorphism within each system. Two or three phe- 



notypes can be distinguished: poor metaboiizers (FM) , 
extensive metabciizers (SM) , and ultra- extensive 
metabolizers (UEM) . Knowledge of tne phenotype is useful 
clinically because: 

a) the phenocype is associated with toxicities in 
chemical plants f diseases and cancers. 

b) it allows physicians to prescribe a drug regimen 
on the individual basis . 

c) it provides a rationale in the design of therapeu- 
tic drugs. 

Currently.- the phenotype is determined by measure- 
ments of the molar ratio of metabolites of the drug or a 
probe drug in che urine samples by high pressure liquid 
chromatography (HPLC) or capillary electrophoresis (CE) , 
hence using methods which are not readily available in a 
clinical laboratory . 

Drugs metabolized by metabolic enzymes of patent 

The enzyrr.es NAT! t CYP1A2 , CYP2D6, CYF2E and CY? 
3A4 are involved in the metabolism of large number of 
drugs. Table 1 liscs the wide array of medications that 
are metabolized and" the enzymes involved. These- include 
drugs used for a variety of diseases ; including asthma 
( theophylline) , malaria (dapsor.e) r breast cancer ; tamoxi- 
fen) , cardiovascular disease ^procainamide) . organ trans- 
plant ( cyclosporins) , comTon medications such as pain- 
killers {acetaminophen, codeine) , general anesthetics 
i.lidocame) , and anxiolytics (vallum) . The wide array of 
medications to whicn screening is applicable with these 
enzymes, demonstrates the potential and the impact that a 
rapid pheno-ype screening can have or. the outcome and 
safety of a patient's treatment.. 



Table 1 

Drugs metabolized by xenobiotic enzyxaes phenotyped by 

CMPD 



Enzyme Drug 

NAT1 p-aninobenscic acid, p - ami no salicylic acid, 

dapsons 

CYP1A2 Caff sine, theophylline, unipra^ine , proprano- 
lol, clozapine, l~p-£Stradicl f sex horrr.cr.e) , 
urorporhyrinogen.- lidocaine, propafenone, tam- 
oxifen (antiestrogen) 

CYP2D6 Psychotropic drugs: a:nif lamine , amitryptyline , 
clomipramine, clozapine, desipr amine, haloperi- 
dol , i;riipraxine , maprct iline , rnethoxyphsnarnine 
minaprine , nortriptyline , paroxetine, perphena- 
zine, remoxipride,- thioridazine, tomoxetine, 
trifluperidol , 2u.clGpenth.ix0l . 

Cardiovascular agents : hufuraicl, debrisoquine, 
encaimde, f iacainide ; guanoxan, indoramin, 
metoprolol. mexiletm, n-propyiaj valine , propa- 
fenone, propranolol, sparteine, timolol, vera- 
pamil . 

Miscellaneous agents: chlorpropamide , codeine, 
dextromethorphan , me ihamphst amine , perhexi ler.e , 
phenfermin, 

CYP2S1 Ethanoi, acetone, ace cam nop hen , r-xtrosamines , 
nitrosodiT7iethyIatt.ir_e.. p-ni^rophehol 

CYP3A4 Benzodiazepines cyclosporin, dexc r otrxe t horphan 
dihydropyri dines , doxorubicin, erythromycin, 
etoposide, lidocaine, lovastacm, midazolam, 
paclitaxei, tamoxifen 

Calcium Channel Blockers: Nifedipine, Diltia- 
zem. Verapamil. 



Associations of metabolic enzymes with altered cancer 

susceptibility 

The metabolic enzyme3 are responsible for the 
metabolism of many carcinogenic compounds. Therefore, 
alterations m the activity of these enzymes alter the 



biological activity of many carcinogens. Table 2 lists 
che xenobiotics chat are ™.ecabolized by the enzymes. 

Table 2 

Enzymes and i:he carcinogens they metabolize 
Carcinogen 

d i ami neb s zi z id ir.s . K - hyorcxy - 4 - am- r.ob i pheny 1 ; he t er o - 
cyclic 2.r critic arr.i^^s (KsIQx and Phi Pi 



Enzyme 
NAT! 



NATS 



4 -ami nobi phenyl, diamiivob&nzidine . heterocyclic aro- 
matic ar.ir.es ;Me I PhIP) 



CYP1A2 4 - £.nrixnobipaenyl ; heterocyclic amines (KsIQx, Phi?) , 

4-ir.ethylr.ii:rosamino-l- ; 3 -pyridyi - 1 -butane ne) (NrJK, 
tobacco srr.oke product) 

CYP2D5 Is involved in the rr.etabolism of m^ny carcinogens, 

however a 5 yet is not reported at the tnaj^r 
menabolicer for any 

CYP2E1 nicrosoditnethyiamine , nrtrosopyrrolidone . benseas, 

carbon tet rachlcr^de , 3-hydroxypyridir-^ 'ccbacco 
smoke product; . 



CYP3A4 -r.icrosonor-icotine {irtf>r , 4-methylp*^cro5amino- I 

- f 3 - pyndyl- l -bur anone) iintr.) . 5-MechyIchrysene, 
4,4' -rr,et,hylene-bis {2 -chlorce.niline) 'tobacco smoke 
products ) 



Metabolic enzyme phenotypes associated with cancers 

The factors influencing carxer development are 
multi -factorial ana it is difficult cc as30ciate a cancer 
with only zo cne cause : However , current research hss 
linked different metabolic phenotypes with increased risk 
of certain cancers , 




Table 3 lists the iretacolic enzymes phenotyped by 
these enzi-mes and the cancers with which an altered phe- 
notype is linked cc an incrsased susceotibiiitv. 
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Table 3 

Xenokiotic metabolizing enzymes associated with carcino- 

genesis 



Enzyme Genotype Cancer 



Comments 



NAT1 



CYP1A2 ^st + 
Fast 

CTP2D6 Fast + 

Slow MAT? 
CYP2E1 c2 



Colorectal 

Bladder 

Colorectal 



OR = - , ? ; ?5% CI = 1,2-3.2 

Metabolize benzidine 

35% cases vs. is% controls 



OR - 23 .£-25.7 



CYP3A4 No „udi« have correlate altered phenonyp* with altered 
cancer suscse- zbil i ty 



NAT1 

The NATi gene was for a long time classified as 
raonotnorphic. However, ic is now 5Ugs9sted fchat KATlj 1±ke 
nhe other N-acetyltransferase gene (NAT2) , is polymorphic 
(Weber-- w.w-. # e *1 . , . .'isjj; Pharmacogenetics 3 : -2OS-2.12 / ■ 
Vatsis K.P. and Weber w.w. (1953) Arch. Biochem. Biophys.' 
301s 71-76.1. x&Tl has two phenotypes of slow and raoid 
metabclizers (e.g. NAT1*4 vs. nati*ig genotypes respec- 
tively; Badawi A.?, et -l . , cancer Res. 55: 5230- 
5237}, Measurement or the KATi activity is of clinical 
interest for the following reasons. 
F o lynto rphi sn 

HAT1 is polymorphic and twe metabolic phenocypes 
=an be distinguished: rapid, and slow metabolizers . NATl 
metabolizes several drugs and dietary constituents 



including p-aminobenzoic acid, p- aminosalicylic acid, and 
dapsone . 

In addition, NAT1 accivatss environmental pro-car- 
cinogens especially diammcbenzidme , N-hydroxy-4-amino- 
bi phenyl ; heterocyclic aromatic amines *MsIQx and ?hIP) , 
In one study it has been shcv/n that individuals who have 
the NAT 1*10 allele, and hence are rapid N-ace tylators , 
are at a greater risk for colorectal cancer (OR = 1/9; 
35% CI = 1.2-3,2; Bell et al . , [19 95) Cancer Res. 55: 
3537-3542), while in another study they have an increased 
risk for bladder cancer Onet aboiize benzidine; Zenser et 
al.. (ISS£) Cancer Res. 56: 3541-3547). 
Inter Ethnic Differences 

The activity of liP.T 1 varies broadly in a given 
population. Slow, and rapid TTAT1 phenotypes have been 
distinguished. The NAT 1 * 1 c genotype that: is associated 
with rapid metabolic phenotype was monitored in three 
different ethnic populations/ Indian, Malaysian and Chi- 
nese. The frequency of NAT1*10 allele was 17%, 39% and 
3 0% respectively. While the HAT 1*4 genotype associated 
with slow metabclizere had a frequency in the same" popu- 
lations cf 50%, 3 2% and 35% respectively (Zhao 3 . et al . , 
(1998) Pharmacogenetics > 8: 299-304) . Therefore, it is 
reasonable that, m drug metabolism studies, each ethnic 
group can be studied separately for evidence of polymor- 
phism and its antinode should not be extrapolated from 
one ethnic population to another. 
Dapsone 

A classical example cf the need for pheno typing in 
drug dosing is the case of Dapsone. Dapsone is used in 
the treatment of malaria and is being investigated for 
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the treatment of Pneumocystis carinii pneumonia in AIDS 
patient- Adverse effects include rash, anemia , methemo- 
globinemia, agranulocytosis, and hepatic dysfunction. 
Dapscne is cleared from the bcdy via the NAT1 metaboliz- 
5 ing system. A study has shown a correlation between slow 
acetyiation and increased adverse reactions to dapsone. 
(46% vs. 1^% for slow and fast acetylators respectively; 
3uc R, et al . , (1995). Chin. Ked. u., lC3i 933-935) ?or , 
these reasons, the utility cf a reliable phenccypmg test 

10 is obvious. 

Individualized Therapy 

It is well known that it is possible to individu- 
alize therapy for a large number of druqE (theophylline, 
digoxm, aminoglycoaidases , dapsone etc..) . Kcwever, indi- 

15 vidualization of therapy has been extremely slow to 
develop because the methods used for drug phe no typing 
involves high pressure liquid chromatography (H?LC) and 
capillary electrophoresis -XE) , which are costly, time 
consuming, and require expertise not readily applicable 

2 0 in a clinical laboratory. 

It would be highly desirable to be provided a 
method for determining an individuals NAT! phenotype 
using a non-toxic drug so as to predict his/her response 
and side effects profile to a wide range of potentially 

25 toxic drugs. 

It would be highly desirable to be provided with 
an enzyr?.e linked immunosorbent assay (ELISA) kit for the 
NAT! phenotyping, which could be accomplished on a rou- 
tine basis by any technician with a minimum of training 

3 C and does not involve complex equipments. 



it would be highly desirable to be provided with 
an enzyme linked immunosorbent assay (EL ISA) kit, which 
would enable a physician tc individualize therapy of 
drugs such as dapsone 
CYP 1A2 

CYP IA2 constitutes 15% of the coral CYP 450 
enzymes in the human liver »'Linder M.W. et al, , 
Clin. Chertu 43: 254-2£c). Measurement of the CYP 1A2 
activity is of clinical interest for the following rea- 
sons : 

Polymorphism 

CY? 1A2 may ba polymorphic although it remains co 
be established firmly. Three metabolic phenocypes can be 
distinguished: rapid, intermediate and slow metabclizers , 
CYP iA2 metabolizes several drugs and dietary constitu- 
ents including acetaminophen, anti pyrine, 17 (3-estra- 
diol , caffeine, clcipramine, clozapine, flutamide (anti- 
androgenic) , imipramine, paracetamol, phenacetin, tacrine 
and theophylline. 

In addition CY? 1A2 activates environmental pro- 
carcinogens especially heterocyclic amines and aromatic 
amines (Butler et al . ''1996) Pharmacogenetics 2 : 116- 
12 7) a In one study it has been shct«i that individuals who 
are fast N- acetyl ators and have high CYP 1A2 activity are 
at a greater risk for colorectal cancer (35% of cases vs. 
16% of controls, . 7 3 (p=e.002); Lang, N. p . et al, 

(19S4; Cancer Epidem., Biom. ?rev. 3t S75-6S2> . 
Induction and Inhibition 

CYP 1A2 is induced by a number of a rugs and envi- 
ronmental factors such as omeprazole, Ianscprasole , 
poly aromatic hydrocarbons and cigarette smoke. CYP 1A2 is 
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inhibited bv oral cort^,^-'^. 

* -onc.ausp„ v . S/ x«oconazol fe , a-naptho- 

-lu/wxjnwe neronine uptake inhibitor), 
i uratvi 1 1 ne . 

Inter Ethnic Differences 

_ The accivirv of CYP 1A2 varies broadly (so to 7C 

rold; xn a given pcrula-_.cn. slow, mter.sdiate and rapid 
y " ~ ncwe ceen Gistmguieaed (Butler et al . 

*- b -^ 7 - * T ^ e proportion of 

cxt iA2 prieno ^ pes V5ried between ethrJc 

groups con.tr.es: % of intermediates: 50; ? 6o 

>*5, 60, 20 i„ u. s . A . f Afric.n-An.rie.tn. OM„. 

Italy and Australia respectively (Kadlubar. p.p. D t^' 

Met. Rev., 1994, 262- -r- 

^oj.. 37 4.). It la reasonable that, in 

arug metabolism 3cuqi es «rh 

' ~ ch eunnic group can be studied 
• ep-rateiy f S r evidence of p6lyMOIphi ,. 5ad it , Mtinofie 

another . 
Theophylline 

A classical example of ch . tt8d for p hsnotyoing in 
arug acsing ie ch* case of Theophylline. Theophylline i s 

Uae : ^ «~<*««' ° f a *"^ However; "theophylline 

toxxc lty continues to be a common clinical problem, and 

xnvolves e-threatening cardiovascular and neurological 

toxicity {Ccoling. n.~ 



25 



l992) 



Errerg. Med. 11 j 415- 



50 



425K Theophylline is c ie«w K ^ 

^ r ^^ - rorn ^-s body via the cy© 

1A2 metabo^ing system ; Ha , h.r. et al . (1995) Br. j. 
Clin. Pharmacol. 3&. i^i -i~c-. T . .. . '. 

• iMiaitien of CYP 1*2 bv 

*rob. Agents eh™*,™. 3S: s42 . 3<16) =r EsroCo „ ine 



cheses reasons, the utility of a reliable phenotyping 
test is obvicus ;Fuhr et al . (1996) Fharmacogenet ics 6: 
159-176) . 

Individualized Therapy 

It: is well known chat it is possible to individu- 
alize therapy for a large number of drugs (theophylline, 
digoxir., ammoglyccsidaaee , etc.). However, individuali- 
zation of therapy has been extremely slow to develop 
because the methods used for drug phenotyping involves 
high pressure liquid chromatography fH?LC> and capillary 
electrophoresis \C£) , which are costly, time consuming, 
and require expertise not readily applicable in a clini- 
cal laboratory. 

It would be highly desirable to be provided a 
method for determining an individuals CYP 1A2 phenotype 
using a non-tcxic drug so as to predict his/her response 
and side effects profile to a wide range of potentially 
toxic drugs- 

It vould be highly desirable to be provided with 
an enzyme linked immunosorbent assay (ELISA) kit for the 
CYP - lh2 phenotyping, which could be accomplished on a 
routine basis by any technician with a minimum of train- 
ing and does not involve complex equipments 

It would be highly desirable tc be provided with 
an enzyme linked immunosorbent assay (ELISA; kit, which 
would enable a physician to individualize therapy of 
drugs such as theophylline, tamoxifen or clozapine. 
CYP 2D6 

Ci'? 2D6 constitutes 1-3% of the total CYP 450 
enzyrr.es in the human liver (kinder M.W. et al . , (1997) 
Clin. Cher? . 43; 254*266). Measurement of the CYP 2D6 



activity is of clinical interest for the following rea- 
sons : 

Polymorphism 

CYP 2DG was the first ?450 enzyme to demonstrate 
polymorphic expression in humans. Three metabolic pheno- 
types can be distinguished: poor, PK, extensive (EM) and 
ultra extensive (UEM) phenotypes. CYP 2DS metabolizes a 
large variety of drugs and dietary constituents includ- 
ing: 

Psychotropic drugs : 

ami fl amine, ami t ryptyl ine , clomipramine, clozapine, 
desipramme , halopendol , imipramme , maprot iline , 
me thoxyphen amine . minaprine , nortriptyline , paroxetine , 
perphenazine, remoxipnde , thioridazine, tomoxetine, tri- 
f lupe ridel , zuclopenthixcl . 
Cardiovascular agents: 

bufuraiol, dehrisocume, encainide, flecamids, guanoxan, 
mdoramin, metoproloi, mexiietm, n - propyl amal ine , propa- 
fenone, propranolol, sparteine, timolol, verapamil. 
Miscellaneous agents : 

chlorpropamide, codeine," dextromethorphan, methamphet- 
amine , perhexilene , pherif ormin . 

In addition, CYP 2D6 is involved in the metabolism 
of many carcinogens, however as yet is not reported as 
the major metabolizer for any. in one study it has been 
shown that individuals who are fast Cyf 2D5 netabolizers 
and slow N-acetyiators are at a greater risk for hepato- 
cellular cancer '.or = 2.6; 95% CI = 1 . S-4 ; Agundez j.a. , 
St al . , (1996) Pharmacogenetics. Si 501-512) . 



Induction and Inhibition 

CY? 2D€ i? inhibited in vitro by quinidine and by 

viral protease inhibitors as well as by appetite suppres- 
sant drugs such as D- and L- fenfluramine . 

Inter Ethnic Differences 

The activity of CY? 2DS varies broadly in a given 
population. Poor (PM> , extensive (EM) and uitraextensive 

(UEM) phenotypes of CY? 2D6 have been distinguished. The 
FCYP 2Dc gene is inherited as an autosomal recessive 
trait and separates 90 and 10% of the white European and 
North American population into extensive (EM) and poor 

(PM) metaboliser phe no types respectively (Rodrigues A.D. 

(199S> Methods En zymol . 272: 185-195; Meyer U.A. et al . 

(1SS7> Anal . Biochem. 162: 24-32). In another study the 
percentage of PM in different ethnic populations was 
observed, and white North Americans and Europeans have 5- 
10% PM's, American blacks, 1.3%, Native Thais, 1.2%, Chi- 
nese Ik; Native Malay population, 2.1%, while the PM phe- 
notype appears to be completely absent m the Japanese 
population (binder M.W. et ai . , (1997) Clin. Chem. 43: 
254-266) . 

It is reasonable that, in drug metabolism studies, 
each ethnic group can be studied separately for evidence 
of polymorphism and its ant mode should not be extrapo- 
lated from one ethnic population to another. 
Dextromethorphan/ Antidepressants 

An example of the need for phe no typing in drug 
dosing is the case of dextromethorphan. Dextromethorphan 
is a nonopicid antitussive with psychotropic effects. 
However, Dext rc:ne z horphan doses range from 0 to 6 mg/kg 
based on individual subject tolerance {Zawertailo L.A., 
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«'1S>98; j. Clin- Psychopharmcol IS- 33? . 

^ — - me _ aboli zing syg- 

!**"* iy «* effe c CS in 

poor vs. extensive nscq'^i^ 

c neCaCOilzars performance +/- SE , 

zai , j a C6W ' = % for Wa; p < 0.05; Zawer- 

J. ^i,, fsychcphsraiacol . 18: 332-337) 
Another lBporMce drug for CYP 2C6 p he no typinq ie 
£ nrxcycxic antidepressants. ?cr bcth ^ m ^ 
p.1eno,yp es Q f CYE2DS are at ri-u ~* - 

,- H1 ,..„ . lloJc of averse reactions, pm 

individuals given ecandard do*es o* „ 

— v^i,. coxic piasaia concentrator* - , 

— ' P° 1 - ( ="tialiy leadina 
to unpleasarxc side effe^s ^ r ,-„,. - ««aing 

tcCtS ^.evading ory mouth, hypoten- 
sion, sedation, t-rerov r»- n « 

cardW . . _/ °" in SO " e =* ses ^-threatening 

. c iTpn ■ - ^ e "eiy, aammstracioa of these drugs 
-o ueh individuals inav r« u i f . 

, , 2 " S£Jit in dierapeucic failure 

because plasma concsnrrsri^. 

. ^ . wn. e n. laClon8 of active drugs at standard 

aoses are tar too low in-i.„ „ 

Thar. Drug Hon lt . 12 1 41 *_ i2c) p t , ' a9fl9) 

„-,,. . ' 2C) ■ For ' ths ss reasons, the 

—Hey or a reliable phsnecyping test is obvious 
Individualized Therapy 

Is i. well ^ it is poseible ^ 

ever, individualization of the-ac^ - a « w~ 
sl „, _ - , -ne-api ..as been extremely 

^n S high pr ,. sure iiquia chromat 

>hplc ; a„ a capj . nary eiectrophoresis (CE) _ wh . oh 

a c ^ r - c «- -laboratory. 
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It would be highly desirable to be provided a 
method for determining an individuals CY? 2D6 phenotype 
using a non-toxic drug so as to predict his/her response 
and side effects profile to a wide range of potentially 
toxic drugs. 

It would be highly desirable to be provided with 
an enzyme linked immunosorbent assay (ELISA) kit for the 
CYF 2D6 phenotyping, which could be accomplished on a 
routine basis by any technician with a minimum of train- 
ing and does not involve complex equipments. 

It would be highly desirable to be provided with 
an enzyme linked immunosorbent assay ;ELISA) kit, which 
would enable a physician to individualize therapy of 
drugs such as dext ramethorphan, clozapine or verapamil. 
CY? 2E1 

CY? 2E1 constitutes approximately 5% of the total 
CY? 450 enzymes in the human liver (Li-.der K.W. et ai . , 
(1997} Clin. Chem, 43: 254-266). Measurement of the CYP 
2E1 activity is of clinical interest for the following 
reasons : 
Polymorphism 

There is seme evidence of genetic polymorphism of 
CYP 221 m the human population, however, the molecular 
mechanisms remain to be further characterised (Linder 
K.w. et al., H997'> Clin. Chem . 43: 254-266) . Studies 
have demonstrated the presence of two alleles, designated 
cl and c2. Initial studies have shown a possible linkage 
of c2 allele cc higher CYP 2E1 expression (Hayashi S.-I., 
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CYP 2E1 metabolizes several drugs and dietary con- 
stituents including ethancl, acetone, acetaminophen, 
nitrosamin.es, nitrosodine^hyiaminc, p-nitrophenoi . 

Ik addition, CY? 251 activates environmental pro- 
carcinogens especially nitrosodimethylamine , nitrosopyr- 
rolidone, benzene, carbon tetrachloride, 3 -hydroxypyri- 
dine {tobacco smoke produce) . In one study it has been 
shown that individuals who have high CYP 2E1 (c2) activ- 
ity are a- a greater risk for gastric cancer (OR = 23.6- 
25.7; Hsieh et al . , (195^) ?roc. Amer. Ass. Cancer Res. 
38: A1426) . 

Induction and Inhibition 

CY? 2E1 is induced by a number of drugs and envi- 
ronmencal factors such as cigarette smoke as well as by 
starvation and in uncontrolled diabetes. CYP 2E1 is 
inhibited by chlorirtethiazole , trans- 1 , 2 -dichloroechylene 
and by the isof lavcnoids genistein and equol , 
Inter Ethnic Differences 

The proportion of CYP 2E1 phenotypes varied 
between echmc groups and countries : The frequency of the 
rare c2 allele ie about 4% in Caucasians and 20% in* the- 
■Japanese and a study of a separate polymorphism described 
a rare C allele that has a frequency of about 10% in Cau- 
casian and 25% in Japanese population (Nedelcheva V., et 
al., (199€) Methods Enzym. 272: 218-225), In one study it 
was shown that Japanese males had much lower levels of 
CYP231- activity as compared to Caucasian rcales (Kim r.b. 
et al. {1996; J. Pharmacol. <* Exper. Ther . 279; 4-11). In 
another study, it was demonstrated that a Nicaraguan 
population of mixed white (Spanish) and Asian (central 
American Indians) origins have an intermediate level of 



CYP 1A2 allele mutations as compared to the parent popu- 
lations i Martinez C. et al, 4 *199S) Clin. Pharmacol. & 
Ther. 63s 623-622). Therefore, it is reasonable that, in 
drug metabolism studies, each ethnic group car*, be studied 
separately for evidence of polymorphism and its antinode 
should not be extrapolated from one ethnic population tc 
another . 
Acetaminophen 

An exarr.pl e of the need for pheno typing in drug 
dosing is the case of acetaminophen. Acetaminophen is a 
widely used painkiller. However, acetaminophen causes 
hepatctcxicity at low frequency. The hepatotoxicity is 
due to its transformation via CYP 2E1, to a reactive 
metabolite (N- acetyl -p -benzoquinoiieimine} which is capa- 
ble cf binding to nucleophiles . (Zaher H. et al . , (1996) 
Toxicol. & AppI . Pharmacol. 152: 193-159. For, these 
reasons . — the utility of a reliable pher.otvDino test ia 
obvious . 

Individualized Therapy 

It is well known that it is possible to individu- 
alize therapy for a large number of drugs (theophylline, 
digcxin, aminoglycosidases , acetaminophen etc..) . However, 
individualization of therapy has been extremely slow to 
develop because the methods used for drug pheno typing 
involves high pressure liquid chromatography (KPLC) and 
capillary electrophoresis (CE) , which are costly, time 
consuming, and require expertise not readily applicable 
in a clinical laboratory. 

It would be highly desirable to be provided a 
method fcr determining an individuals CYP 2E1 phenotype 
using a non-toxic drug so as to predict his/her response 
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and side effects profile to a wide range of potentially 
coxic drugs . 

It: would be highly desirable to be provided with 
an enzyme linked immunosorbent assay (ELISA) kit for the 
5 CYP 2E1 pheno typing, which could be accomplished on a 
rounine basis by any technician with a minimum of train- 
ing and does not involve complex equipments. 

It would be highly desirable to be provided with 
an enzyme linked immunosorbent assay {EL ISA; kit, which 
10 would enable a physician to individualize therapy of 
drugs such as ace- arr.i nop hen . 
CYP 3A4 

The CYF 3A family constitutes approximately 25% of 
the total CYP 450 enzymes in the human liver (Lander M.W. 
15 ec al., :1997) Cim. Cher?.. 43: 254-256). Measurement of 
the CYP 2A4 activity is of clinical interest for the fol- 
lowing reasons : 
Polymorphism 

A large degree of incer individual variability in 
2 0 the expression of the CYP 3A4 isoenzymes has been shown 
in the human liver \>20 fold) however, no genetic basis 
for this polymorphic expression has been defined to date 
(binder M.W. et al . , (1597) Clm, Chen. 43 i 254-266) . CYP 
3A4 metabolizes several drugs and dietary constituents 
25 including benzodiazepines, erythromycin, dextromethorphan 
dihydropyridines , cyclosporin, lidccaine, midazolam, 
nifedipine, terfenadins cyclosporins A, 

In addition, CY? 3A4 activates environmental pro- 
carcinogens especially N' -nitrosoncmicot ine (NNN) , 4- 
30 methyinitrcsamino- l -{3- pyridyl- i -butarione) (NNK) , 5- 



Methyl chrysene ; 4.. 4' -methylene-bie (2 -chlorcaniiine) (to- 
bacco snicke products} . 
Induction and Inhibition 

CYP 3A4 is induced by a number of drugs such as dexameth- 
asone, phencbarbical , primidone and the antibiotic rifarn- 
picin. Conversely CYP 3A4 is inhibited by erythromycin, 
grapefruit juice, indinavir, ketoccnazcle, miconazole, 
quinine, and saquinavir. 
Cyclosporins 

An example of the need for phenotyping in drug 
dosing is the case of cyclosporins in the treatment of 
organ transplant patients. Cycicsporine is an immunosup- 
pressant administered post transplant to protect the new 
organ from being rejected. Plasma levels of this drug are 
critical as high levels lead to renal toxicity but low 
levels can lead to organ rejection (Guengerich P.P., 
(1997) Adv. Pharmacol. 43: 7-35). Cycicsporine is 
metabolized via the CYP 3A4 system. Several studies have 
indicated the importance of monitoring CYP 3A4 activity 
in maintaining an effective and safe cycicsporine dose 
(Turgeon et ai . , H992) Clin. Pharma . Ther. 52 : 417-472 ; 
Turgeon et al . , *lS94a> Clin. Fharma. Ther. 56: 253^260; 
Turgeon et al . , (1954b: Transplantation 57: 1736-1741). 
For, these reasons, the utility of a reliable phenotyping 
test is obvious. 
Individualized Therapy 

It is well kncv/n that it is possible to individu- 
alize therapy for a large number of drugs (theophylline, 
digoxm. aminoglycosidases, cycicsporine etc.). However, 
individualization of therapy has been extremely slow to 
develop because the methods used for drug phenotyping 
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Another aim cf the present invention is to provide 
a method for determining an individual's metabolic enzyme 
pher.otype using a non-toxic drug so as to predict his/her 
response and side effects profile to a wide range of 
potentially toxic drugs. 

The ELISA phenotypmg kits will use non-toxic 
probe drugs for the determination of "he individuals 
spectrum of netaboiic enzyme phenotypes. Table 4 lists 
the probe drugs that are zc be used for each of the pro- 
posed enzymes - 





Table 4 


Enzymes 


and probes drugs 


Enzyme 


Probe Drug 


NAT! 


p- aminosalicylic acid 


CYF1A2 


caffeine 


CYP2D6 


dextromethorphan 


CYP221 


chlorzoxazone 


CYP3A4 


dext rorae t hcrphan 



These drugs are consumed by the individual to be 
pheno typed, and the individuals urine collected 4 hours 
after consumption. The urine will be analysed via the 
ELISA technology developed in the present invention. The 
urine samples will be monitored for the following probe 
■drug derivatives (rigs- 1-7), and the molar ratios calcu- 
lated to reveal the individual phenotypes. 

In Examples I and n, a detailed description of 
the probe drug derivatives and the ELISA development for 
CYP 1A2 are illustrated. The materials and methods, and 
the overall general process described for the development 
of the CYP1A2 ELjCSa kit for metabolic che no typing can be 
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and will be applied to the development cf the metabolic 
phenotyping SLISA kics for NAT 1 , CYF2D5, CYP2E1 and 
CYP3A4 . 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 Fig. 1 illustrates p-air.incsalicylic acid deriva- 

tives for NAT1 phenotyping by ELI3A; 

Fig. 2 illustrates caffeine derivatives for CYP1A2 
phenotyping by SLISA; 

Fig. 3 illustrates 1 , 7dirnethyixanthir.e derivatives 
10 for CYP1A2 phenotyping by ELISA; 

Fig. 4 illustrates 1 , 7dimei:hyluric acid deriva- 
tives for CYPIA2 phenotyping by SLISA; 

Fig. 5 illustrates dextromethorphan derivatives 
for CYP2D5 phenotyping by ZLISA; 
15 Fig. € illustrates chlorzoxazone derivatives for 

CYP2E1 phenotyping by ELISA; 

Fig. 7 illustrates dextromethorphan derivatives 
for CYP3A4 phenotyping by EL-ISA; 

rig. S illustrates the synthetic routes for the 
20 production of caffeine and 1 , 7-dirr.ethyIxanthine deriva- 
tives for CYPIA2 phenotyping ' in" accordance with one 
embodiment of the present invention ; 

Fig. 5 illustrates the synthetic routes for the 
production cf caffeine and l , 7-dimethyluric acid deriva- 
2 5 tives for CYPIA2 phenotyping in accordance with one 
err-bodiiuer-t of the present invention; and 

Fig. 10 illustrates a pattern cf samples to be 
pipetted m a Falcon 96 -well microtest tissue culture 
plate . 
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DETAILED DESCRIPTION OF THE INVENTION 

Different pr^be drugs can be used to dec ermine the 
CY? 1A2 phenotype (caffeine, theophylline) In accordance 
with the present invention suitable probe drugs include 
with cut limitation, caffeine, checphylline or acetamino- 
phen (Kadlubar et al , , (1394) Drug Med. Rev. 261:37-45; 
Fuhr et al - [1996) Pharmacogenetics. 6 : 159-176) . 

Of these caffeine is the preferred probe. Caffeine 
is widely consumed and relatively safe (Kaiow W, et al . , 
(1993) Clin. Phartn. Ther . , 53: 503-514}. In previous 
studies the phenotype has been generally determined from 
the ratios of 1 , 7-diir.ethylxanthine (1,7 dmx) + 1,7- 
dimethyluric acid (1,7 DMU) and 1 T 3 , 7-trimethylxanthine 
(1,3/7 TMX, caffeine). In these studies , the subjects are 
given an oral dose of a caffeine contaimng-substance, 
and the urinary concentrations of the target metabolites 
determined by HPLC (Kilbane, A. J. al . (19 90) Clin. 

Pharmacol. Ther 47: 470-477; Tang, B.-K. ai, (1991) 

Clin. Pharmacol. Ther 49: 64 8-657) or CE {Meachers et al . 
;i99S) Ei ©markers 3: 205-218) . 

Inhibition of CYF 1A2 by quinclone antibiotic 
agents (?uhr et al . (1992) Antimicrob. Agents Chemother* 
36: 942-94S) or serotonine reuptake inhibitors (Eraeen et 
al. (1993) Biochem Pharmacol, 45: 1211-1214J, may result 
in theophyiine toxicity. For, theses reasons, the utility 
of a reliable phenotyping test is obvious (Fuhr et al . 
U996) Pharmacogenetics 6: 159-176). 

Enzyme linked immunosorbent assays ^SLISAj have 
been successfully applied in the determination of low 
amounts of drugs and other antigenic compounds in plasma 
and urine saTpIes and are simple to carry out . We have 
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previously developed an ELISA for ll-acetyi transferase -2 
(NAT 2 ) pheno typing using caffeine as a probe drug (Wong, 
P., Leyl and- Jones, 3., and Wainer, I.W. (1S95) J. Pharm. 
Biomed. Anal. 13; 1079-1086). >Je have subsequently tested 
5 and proven the validity of the ELISA for the NAT 2 pheno - 
typing i Leyl and- Jones et al . ( 1593} Amer. Assoc. Cancer 
Res. 40: Abstract 356). The 3LISA for NAT 2 phenotyping is 
simpler to carry cut than che KP1C and CS. 

In accordance with che present invention, there 

10 are currently being developed antibodies zo measure the 
molar ratio of caffeine and two caffeine metabolites 
(I, 7-dimethyixanthine il,7 DMX) , 1 , 7-dimethyluric acid 
(1,7 DMU) } m urine samples of an individual collected 
after caffeine consumption. This ratio provides a deter- 

15 minaticn of an individual's CYP 1A2 phenotype . Subse- 
quently, there will be an antigen enzyme linked immuno- 
sorbent assay (ELISA) for measuring this ratio using 
these antibodies. The antibodies of the present invention 
can be polyclonal or monoclonal antibodies raised against 

2 0 caffeine and two different metabolites of caffeine, which 
allow the measurement of the molar ratio of caffeine and 
these metabolites. 

In accordance wich the present invention, the 
molar ratio of caffeine metabolites is used to determine 

25 the CYP 1A2 phenotype of the individual as follows: 
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X>7-di!reghylxaz!thir 8 e (1.7 DKE) + 1 . 7 -dittietftvlpric acid (1,7 D^) 

caffeine 

Molar ratios of 4 and 12 separate slow, intermedi- 
ate and fast: CYP 1A2 metabolizers (Butler et al . (1992) 
Pharmacogenetics 2s 116-117;. 



MATERIALS AND METHODS 
Materials 

N-acetyi-p-amincphenci { acetaminophen) , dioxane, 
formic acid 93-100 % glass redistilled and isobutyl chlo- 
roformate are purchased from A&C American Chemicals Ltd. 
(Ville St -Laurent , Que. Canada); horse radish peroxidase 
is purchased from Boehringer Kannheim (Montreal, Que., 
Canada) ; EL ISA plates (96 -well Easy Wash' 1 ' 1 modified f lac 
bottom, high binding; Corning glass -.vares, Coming, NY, 
USA.> and Falcon 96 -vel 1 microtest tissue culture plate , 
no. 3072 (Becktcn Dickinson Labware , Franklin, NJ, USA) 
are purchased from Fisher ('Montreal, Quebec, Canada); 
alkaline phosphatase conjugated lc gcan ant i -rabbit IgGs , 
Keyhole limpet hemocyanin ( KLH ) is from Pierce Chemical 
Co. (Roc^f ord ; IL, USA); acetic anhydride, acetonitriie 
HPLC grade, benzylurea, bovine serum albumin (Cat. No A- 
3803), N-bromosuccxnimide.- caffeine metabolites; 1- 

ethyl-3- '3 -dimethyl aminopropyl ; carbodiimide hydrochlo- 
ride solution (EDAC) , ethyl 4-bromcbutyrace, efchyl 6-bro- 
mchexanoate, methyl cyanoacetate , deuterated chloroform 
(CDC1 3 ) , deuterated dimethyl sulfoxide (d 6 ) ; deuterated 
oxide (DzC) , 1,4-diatPinobucane, diethanolamine, dimethyl - 
f ormamide , dimethylsulf ate, di -tern -butyl dicarbcnate, 
ethyl chlorof ormate ; Freund's adjuvant (complete and 
incomplete), glutaraidehyde (5C % v/v) , i- methyl xanthine , 
p-nitrophenolphosphate di sodium salt, palladium, 10 wt. % 
(dry basis) on activated carbon. o- phenyl enedi amine 
hydro chl onde, pol yoxy ethyl ene s orbi t an mono 1 aur at e 
(Tween 2C) , porcine skm gelatin, protein A-Sepharose 4B, 
Sephadex TK G25 fine, sodium hydride , sodium methoxide, 
theophylline, tributylamine, TVeen ™ 20, are purchased 
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from Sigma- Aldrich (St-Louis, Missouri, CJSA) ; Silica gel 
particle size 0.040-0.063 mm (23 0-400 mesh; ASTM Emerck 
Darmstadt, Germany was purchased from VWR (Montreal, 
Que., Canada). Dioxane is dried by re fluxing over cal- 
5 cium hydride for 4 hours and dismlled before use. Other 
reagents were ACS grade. 
Synthetic procedures 

The synthetic routes for the production of caf- 
feine, 1, 7-dimethylxanchine , l, 7 -dimethyl uric acid 
1C derivatives are shown in Figs. 3 and 9. 

Synthesis of 7-ethoxycarboxypentyl- 1, 3 - dime thylxan thine 
(IX) 

Compound II is synthesized by a procedure similar 
to that of Daly er al . (Daly, J.W., Mueller. C, Shamin, 

15 M. (1991) Pharmacology, 42; 309-321). 320 mg cf theophyl- 
line (I) (1.73 mmole) is dissolved in 7 mL of dry dimeth- 
yl formamide and 290 mg of potassium carbonate (2.1 mmoie) 
is added to the reaction mixture. 353 u.L of ethyl 6-bro- 
mohexancate (2.02 mmole) is slowly added and the suspen- 

20 sion is heated at 60*C for 14 hours. The suspension is 
filtered in order to remove the potassium carbonate- 
After washing the potassium carbonate with some dimethyl - 
formamide, the solvent is evaporated under reduced pres- 
sure with a rotary evaporator and a high vacuum pump. The 

25 residue is dissolved in chloroform and the solution is 
dried over magnesiun sulfate CMgSO*) . The solvent is 
evaporated under reduced pressure with a rotary evapora- 
tor. 480 mg of the product (slightly yellow oil 1,49 
mrticle) is obtained, corresponding :c a yield of 62.7%. 

3 0 Synthesis of 7 - carboxypentyl -1,3 -dime thylxan thine (III) 

Compound III is synthesized as follows. 225 mg of 
compound II (0.7 mmole) is dissolved m 7 mL of dimethyl- 



f ormamide . 4 mL of a 10% NaOH solution is added and the 
solution is re fluxed for 3G min (100-125 C C) . The solvents 
are evaporated under reduced pressure with a rotary 
evaporator and a high vacuum pump. The residue is dis- 
solved in 7 inL of water and the solution is acidified to 
pH 4 with a 6M HCl solution. Cooling the solution at 4° C 
crystallizes the product as needle-like crystals. The 
crystals are filtered under vacuum trough a 15 -mL sin- 
tered glass funnel (10-15 ASTM) and dried. 175 mg of the 
product is obtained (0,595 ramolei , corresponding to a 
yield of 85%. 

Synthesis of 7 -ethoxycarboxylpentyl-1 -me thy Ixan thine (V) 

Compound V is synthesized as follows . 115 mg of 1- 
methyxanthine ;IV) (0.7 rnmole) is dissolved in 4 mL of 
dimethyl f ormamide . 12 9 mg of potassium carbonate (0.93 
mmole) is added and the resulting solution is stirred. 
125 j^L of ethyl -6 -brcmohexanoate {0.7 mmole) in 0.4 mL 
dimethyl f ormamide is slowly added m three portions. The 
reaction mixture is heated at 50 °C for 1-5 hours and at 
65 C C for 1 hour. After cooling, the suspension is fil- 
tered and the filtrate is evaporated under reduced pres- 
sure with a rotary evaporator and a high vacuum pump. The 
product is purified by flash chromatography on a silica 
gel column (4 0 x l cm} using an ethyl acetate -hexane 
solution v/v) as the eluent. 

Synthesis of 7 - carboxypenty 1 - 1 -me thy lxan thine (VI) 

Compound VI is synthesized as follows. 31 mg of 
compound v (0,1 nunc!) is dissolved in 1 nL of dimethyl - 
f ormamide and 660 |-iL of a 10% NaGK is added. The result- 
ing solution is ref luxed for 30 min :i0C-120 °C} - After 
cooling at room temperature, the solvent is evaporated 
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under reduced pressure with a rotary evaporator and a 
high vacuum pump. The residue is dissolved in water and 
acidified ro pK 4 with a 6N HCi solution. Upon cooling, 
the solution yields white needle- like crystals , which are 
5 filtered and dried. 23 mg of the product id . 032 mmole) is 
obtained, corresponding to a yield of 22%. 
Synthesis of 6 -amino -1 -benzyl uracil (IX) 

Compound IX is synthesized according ro the proce- 
dure similar cf that of Hutzeniaub and Pfeiderer (Hutzen- 

10 lauh f W... and Pfeiderer. w. (1979). Liebigs Ann. Chem. 
184 7-1854 ) as follows. 8 . £>4g of sodium methoxide 116 0 
ttittioI) is dissolved in 71ml methanol . The solution is 
stirred and 7,55g of bensyiurea (50 mmcl) and 4 . 71mL 
methyl cyancacetate (53.4 mmoi) are added. The suspension 

15 is refluxed 5.5 hours at 6S-70'C and cooled at room tem- 
perature. After filtration, the methanol is evaporated 
under reduced pressure with a rotary evaporator. The 
residue is dissolved m warm distilled water, and the 
product is precipitated by acidification to pH 3-4 with 

2 0 glacial acetic acid. After 2 hours (or overnight) at room 
temperature. the suspension is filtered under vacuum 
through a sintered glass funnel . The product is washed 
with water and dried. The yield is 1 2 - 65% . 
Synthesis of 5 - amino- 1 -benzyl -5 -broxaouracil (X) 

2 5 Compound X is synthesized according to the proce- 

dure of Hutzeniaub and Ffeiderer (Hutzeniaub, W. , and 
Ffeiderer, w. :.i379> . Liebigs Ann. Chem. 1847-1854) as 
f cl lows . 3.2g of 6-amino-l -benzyluracil '15.6 mmol) is 
dissolved at 100° C m 60 mL acetic acid ar^d 3 mL acetic 

30 anhydride. 2,35 g cf ^-bromosuccinimide {16 mmol) is 
added in small portions over the next 30 minutes. The 
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reaction mixture is 3tirred for 1 hour and cooled at room 
temperature. The precipitate is filtered and washed with 
small amount of cold ethanol and dried, 3.25 g of white 
crystals are obtained (12 mrr.oi; , corresponding to a yield 
Of 76%, 

Synthesis of 6 - amino -l-bexizyl-5- [N-4 1 -aminobutyl) -amino] 
uracil (XI) 

Compound XI is synches i zed as follows. 3g of com- 
pound X (10.71 rrmoi J is dissolved xr_ 30 mL of 50% 1,4- 
diaminobutane Ibp 158-160"; d 0.677; in water (v/v) and 
the solution is stirred overnight at room temperature. 
The solution is evaporated under reduced pressure with a 
rotary evaporator and a high vacuum pump. The resulting 
oil is dissolved in a minimal amount of ethyl acetate- 
met hanci solution (4:1; v/v; and is purified by dry flash 
chromatography cn a silica gel packed in a sintered glass 
funnel (150 mL) with ethyl acetate -methanol solutions as 
the eluents. At each successive fraction, the solvent 
polarity was increased, varying from 60% echyiacetate/40% 
methanol to 45% ethylacetate/55% methanol (v/v) . The 
product is isolated as a light yellov; oil. The amount of 
purified product obtained is l-SSg (6.1 mmol) , corre- 
sponding zo a yield of 57%. 

Synthesis of 5 - amino -1 -benzyl- 5 - [N-4 1 -tert-butoxycar- 
bcnyl -amino] uracil (XII) 

Compound XII is synthesized as follows. l,53g of 

compound XI [5.9 mmci, 1 as dissolved in 5.4 roL of l N NaOH 
solution. 270 mg of sodium bicarbonate (3,2 mmol) and 2.7 
mL of water are added. 5.4 ttJL of di -terc-butyl dicarbcn- 
ate solution in isopropanoi (l.SSg {'6.61 mmol) is dis- 
solved in 5.4 mLt iscpropancl ) is added slowly to the 
solution of compound XI. After stirring for 3 hours at 
room temperature, 13.4 ml, of water is added and the unre- 



acted di-tert- butyl dicarbcnate is extracted twice with 
20toL of petroleum ether. The pH of the reaction mixture 
is adjusted to 7 by the addition of a 10% citric acid 
solution and the solution is extracted twice with 4 0mL 
ethyl acetate. The organic layer is dried over sodium 
sulfate (Ma;S0 4 ) and is concentrated under reduced pres- 
sure with a rotary evaporator. The product is precipi- 
tated by the addition of sons light petroleum ether to 
the concentrated solution. 0.93 g of an off-white crys- 
talline compound XII (2.62 mmci) is obtained correspond- 
ing to a yield of 44% . 

Synthesis of 6-ainino -1- benzyl-5- [ (N-4 ; tert-butoxy-car- 
bonylaminobucyl-N-ethoxycarbonyl) -amino] -uracil (XIII) 

Compound XIII is synthesized as follows > 906 mg 

of compound XII (2.14 nunoi; was suspended in 7.5 mL of 
water and stirred energetically. 0.5 mL of ethyl chloro- 
formace (5.22 mmol) is added. 3.75 rrX- of a IN NaOH solu- 
tion is added drop wise and the resulting solution is 
stirred at roon temperature for 2.5 hours. The white 
solid product is filtered, washed thoroughly with water 
and dried. 741 n\c of the product is obtained (1.77 mmol) , 
corresponding to a yield of 32.7%. 

Synthesis of 6 -amino- 1 -benzyl-5- t (N-4 ' tert-butoxyearbon- 
ylaminobutyl-N-ethoxycarbonyl) -amino] -3 -methyl uracil (XIV) 

Compound xiv is synthesized as follows. 712 mg of 

compound XIII (1.77 mmol) is suspended is 5 . SmL of water. 
2.3mL of a IN NaOH solution are added and the resulting 
solution is heated at 40° C and vigorously stirred. 0 . 23mL 
dimethyl sulfate (2.43 mmol; is slowly added and the 
resulting solution stirred at 40 0 C for 1.5 hours. The 
precipitate, which formed during the reaction, is fil- 
tered, washed with water and dried. The product is puri- 
fied from the precipitate by flash chromatography on a 



silica gel column (40 x icnrj using a solution of 4% 

methanol in dichlcrcmethane as eluer.c. The product is 

recrystallized from ethyl acetats. 496 mg of compound XIV 

(1,3.5 mmol) is obtained, corresponding ~c a yield of 65%. 

Synthesis of 6 -amino- 5- [ (N-4 1 tert-butoxycarbonylamino- 
butyl-N-ethoxycarbonyl) -amine] -3 -methyluracil (XV) 

Compound XV is synthesized as follows, 44 Gmg of 

compound XIV (1,02 mrnoi; is dissolved in 12 mL methanol 
and mixed with 2 5 2rog ammonium formate (4 mmci) . 2 4 Crag of 
palladium- on- charcoal (10%; are added under nitrogen 
atmosphere. The catalytic hydrogenation is performed at 
room temperature for 3 hours. The catalyst is removed by 
filtration and che filtrate is evaporaced under reduced 
pressure with a rotary evaporator and a high vacuum pump* 
341 mg of the produce is obtained 0 , 9 9 mrnol) correspond- 
ing tic a yield of 37%. 

Synthesis of 7- (4 1 aminobutyl) - l-raethyluric acid (XVI) 

Compound XVI is synthesized as follows. 3 OOmg of 
compound XV (0.5 75 mrnol; is dissolved m 4 . 5mL dry 
dimethylf ormamide and mixed with 144 mg of sodium hydride 
(6 mmol) . The mixture is stirred at room temperature for 
20 min and at I1G-1I5 'C for 20 min. The color changes 
slowly to a dark yellow. After cooling, 6 . Smh of water 
are added and rhs solution is acidified to pE 0 with a 6N 
KCi soluuicn, The solvents are evaporated under reduced 
pressure with a rotary evaporator and a high vacuum pump, 
and the crude product is dissolved m a ethyl acetate- 
met ha no 1 solution '1:4, v/v) . The inorganic 3alt is 
removed by filtration and the ye I lev filtrate is purified 
by flash chromatography on a silica gel column (40 x 1 
cm) using a solution of ethyl acetate -methanol (3:7, v/v; 
as the eiuent . The fraction containing the pure product 
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was evaporated under reduced pressure with a rotary- 
evaporator. After titration of the residue with isopropa- 
nol , the produce is obtained as a pale ye I lew solid. 98.9 
mg of the product is attained (0.3 91 rranol) corresponding 
5 to a yield of 45%. 
NMR Spectroscopy 

3-H NMR spectra of synthesized were obtained using 
a 500 mHz spectrophotometer i Varian ZL 500 mKz, Varian 
Analytical Instruments, San Fernando, CA, USA) . 

10 Conjugation of haptens to bovine serum albumin and 
keyhole limpet hemocyanir 

Caf f eme-BSA, 1 , 7-DinethyIar.thme-BSA conjugates 
are prepared by procedure similar to that cf Rojo et al . 
(Re j o et al. '.1936= 2 Immunol . 137; 204 - 910 1 . Fifteen mg 

IS of BSA is dissolved in € mL of a caffeine derivative (or 
1, 7-dimethyixanthme derivative) solution (1.25 j^moles/mL 
of water) in a 25 -mi> erienmeyer flask followed by the 
addition cf 1.42 mL of an EDAC solution "(10 rng/mL of 
water) . The solution is stirred overnight at room tem- 

20 perature and dialyzed against 500 mL water at room tem- 
perature for 4S h with ti*o changes per day of the water. 
The conjugates are stored as 0,5 mL-aliqucts at -20 6 C. 
The 1 , 7-Dimethyiunc acid conjugate is prepared by the 
method of Peskar et al . (Peskar (19"?2/ Eur. J. Biochem. 

25 25: 191-155) . 7.5 mg of 1,7 dime thy luric acid (0.03 
mmole) is placed in a 5 mL round bottom flask and is dis- 
solved with 1 mL of a 0. 1M Ivra 2 PO^-NaH2?0 4 buffer, pH 7.0. 
A volume cf 500 uL of a 0.021 m glut aral dehyde solution 
(42.5 uL 50 % glut ar aldehyde 'v 'v) per 10 mL of water) is 

30 added to the stirred solution. After stirring for 2 
hours, 100 uL cf a 1M lysine in 0. IK Na 2 P0 4 -NaH2P0 4 



buffer, pH 7.0 is added. The solution is stirred for one 
hour and dialyzed against 250 mL of a 150 mM NaCl , 5 mM 
Na2P0 4 -NaK2?0 4 buffer, pH 7.0 for 48 hours with 2-3 changes 
per day of the buffer. Solution of 1, 7-dimethyluric acid- 
BSA conjugate was scored a3 0.5 mL aliquots at -20° C, 
Cat f eine-KLH and i . 7-dimethyixanthine-KLh conjugates are 
prepared as follows. 20 mg of lycphilized powder of KLH 
is dissolved with 2 mL of a 0 . 9 M NaCi solution and dia- 
lyzed against 100 mL for 10 hours v/ith 2 changes of the 
solution. To 1.1 mL KLH solution ( approximately 10 
mg / mL } in a 2 5 - mL erlenmeyer flask, is added 0 ► 8 mL of 
the caffeine derivative or the 1 . 7 -dimethylxanthine 
derivative ( 2.5 Limcl/mL of a 0 . 9 M NaCll- - 2 mL of an 
EDAC solution mg/mL of 0.9 M NaCU,. and 1.8 mL C.9 M 

KaCl solution are successively added to the derivative 
solution . The solution is stirred overnight (20 hours) 
at room temperacure . The solution is dialyzed against 250 
mL or a 0.9 M tfaCl solution for 48 hours with 2-3 changes 
of the solution per day. The caff eme-KLK and 1.7-dimeth- 
ylxanthine-KLH solutions are stored as 0.5 mL aliquots at 
-20° C. The l, 7-dimsthyluric acid-riH conjugate is pre- 
pared according to a method similar no that of Peskar et 
al. (Peskar '19 7 2) Eur. J. Eiochem. 25 t 191-195). 20 mg 
of lycphilized powder of KLH is dissolved with 2 mL of a 
0.9 M NaCi solution and dialyzed against 100 mL for 10 
hours with 2 changes of the solution. 7.3 mg of 1,7 
dimethyluric acid (approximately 0 03 innole) 13 placed in 
a 5 mL round bo t com flask and is dissolved with 1 mL of a 
KLH solution A volume of 500 uL of a 0,021 M glutaralde- 
hyde solution (42.5 j.iL 50 % glutaraldehyde (v/v) per 10 
mL of water) is added dropwise to the stirred solution. 



After stirring for 2 hours, IOC uL of a IK lysine in 0. 
1M Na 3 PO 4 -KaH 2 P0 4 buffer, pH 7,0 is added. The solution is 
stirred for one hour and aialy=ed against 250 mL cf a 
0.3M NaCi, 5 Na 2 P0 4 -NaM 2 ?C, buffer, f E 7.0 for 48 hours 
with 2-3 changes per day cf the buffer. Solution of 1,7- 
dimechyiuric acid-3SA conjugate v/as -cored as 0.5 mL ali- 
quot s at -20° C. 

Protein Determination by the method cf Lowry et al 



(Lcwry, O.K. 
Solutions 
Solution A; 



et al 



US5I) J. Biol Chem., 193s 255-275) 



Solution £ 
Solurion C 
Solution D 



Solution Ei 



B3A; 



2g Na z CQ 5 is dissolved m 50 mL water, 10 
nL of 10% 2D£ and 10 mL li-T N'aCH, bring to 
100 inL volume v;xt:h water. Freshly pre- 
pared . 

I 3 ? Ma K Tartrate 
1% CuSC 4 .5H2G 

IN phenol (freshly prepared; : 3mL Folin & 
Ciaocalteu-'E phenol reagent (2.0 N) and 3 
mL water 

98 r^L Solution A, 1 mL Solution e, 1 mL 
Solution C- Freshly prepared ' ' ' ' 
1 mg/rnL. o.io g bovine serum alburrin 
(fraction voi.J/ioc mL. 
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Assay 



Standard curve 






Tube # (13 x 


100mm) 






Solution 


1 


2 


3 4 


5 


6 


7 


BSA l/xl) 


G 


10 


15 2 0 


30 


4 0 


50 


Water (^1) 


200 


190 


125 ISO 


170 


160 


150 


Solution E <mL) 


2 . G 




.0 2.0 2 . 


0 2.0 


2.0 


2 


Vortex and leave 


10 min 


at 


room temperature . 






Solution D {*il) 


200 


200 


200 200 




200 


2C0 



Vortex and leave at room temperature for 1 hour. 
5 Read absorbance at 7 5 0 nm using water as the blank. 
Unknown 

Solution D.F a (in triplicate) Tube # (13 x 100 mm) 

Unknown x x x 

Water (ptl) y y y x + y = 200 Mi 

10 Solution F imLl 2,0 2.0 2.0 

Vortex and leave 10 min at room temperature . 

Solution D [til) 200 20C 200 200 200 200 200 

Vortex and leave at room temperature for i hour. 

Read absorbance at 750 nm using water as the blank. 
15 Calculate the protein concentration using the standard 

curve and taking in to ' account the D.F. (dilution factor) 

of the unknown 

a: D.F. (dilution factor) : has co be such that the 
absorbance of the unknown ac 75 0 nm is with in the range 

2 0 of absorbance of the standards. 

Methods to determine the amounts of molea of caffeine , 
1,7-DMX or 1,7-DMU incorporated per ztig of KLH 

This method gives an approximate estimate. It is 
useful because it allows the determination of whether the 

2 5 coupling proceeded as expected. 



A) Solutions 

- 10 % sodium dodecyi sulfate (3DS) solution 
1 % SDS solution 

- 0.5 or 1 ^g/mL of caffeine -KLH (or 1,7-DMX-KLH or 
i , 7-DMU-KLH.i in a 1 % SDS solution (1 mL) . 

- 0.5 or 1 mg/trtL KLH in a 1 % SDS solution. 

B) Procedure 

- Measure the absorbar.ee of the car feine-KLH conjugate 

(or 1,7-DMX-KLH or I, 7-BMu-KLK) at the wavelength 
of absorption rr.axmum: of caffeine (or 1 , 7-DMX or 
1,7-CMUj with 1 % SDS solution as the blank 

- Measure the absorbance of the klh solution at the 
wavelength of absorption maximum of caffeine (or 
1 , 7-DMX or 1, 7-DMU) . 

- Calculate the amount of raole of caffeine (or 1 , 7-DMX 
or 1,7-DMlT/ incorporated per mg of KLH with the fol- 
1 owi ng f o rtr«ul a : 



A> mv (caffeine - KLH)- A,^ ( klh ) 
^^(caffeineJJfLKLHj 



V — 



where ; 

y is the amount of mole of caffeine/mg of KLK; 

e Xw (caffeine) is the molar extinction coefficient of 
caffeine at the wavelength of absorption maximum. 
Coupling of haptens to horse radish peroxidase 

The caffeine and 1 , 7-ditnethylxanthina derivatives 
and the 1 , 7 -diraethyluric acid derivative (after suc- 
cinylation with succinic anhydride) were conjugated to 
horse radish peroxidase (KRP) by the following procedure, 
Place 0.12 mmol of the derivative in a 5 ml* round bottom 



flask. Pipet 500 jaL. of dioxane freshly dried over calcium 
chloride, stir che suspension and cool at 10* c in a water 
bath using crushed ice. Pipet 31 iscbutylchlorof or- 

mate (0.24 mrnol) (recently opened or purchased) and 114 
juL tributylamine (0,47 mmol) . Stir for 30 min at 10° C. 
While stirring, dissolve 13 mg of horse radish peroxidase 
(KRp) in 2 rnL of water and cool the solution at 4° C on 
crushed ice. After che 3 0 mm, of stirring, pipet 100 p,L 
of a IN NaOH solution (freshly prepared) at 4° C to the 
HRP solution and pour the alkaline HR? solution at once 
in the 5 mL flask. Stir the suspension 4 hours at 10-12° 
C. Separate the free derivative from -he HRP conjugate 
by filtration on a Sephadex G-2 5™ fine column (1.6 x 30 
cm) equilibrated and eluted with C.i M sodium phosphate 
buffer, pH 7.0. Collect fractions of 1.0-1.2 mL manually 
or with a fraction collector. During eiution two bands 
may be observed: the HRP conjugate and a light yellow 
band behind the HRP conjugate. The KRP conjugate band 
eluted between fractions 11-16. Pool fractions containing 
the HRP conjugate in a 15 mL tissue culture with a screw 
cap. Determine the HRP conjugate concentration at 403 nru 
after diluting an aliquot (usually 50 }xL + 650 |xL of 
buffer) . 

[HRP conjugate] (rag/raL) = A 402 x 0,4 x D.F. 

Record the ultraviolet spectrum (Uv) absorption 
spectrum between 320 and 220 nm. The presence of addi- 
tional absorption peaks at 280 nm, 230 nm and 290 nm for 
caf feme-HRP, 1,7-DMX-HRF and 1,7-DMU-RRP conjugates, 
respectively, are indicators that the coupling proceeded 



as expected. After the above measurements, 5 uL of a 4% 
thiomersal solution, is added per mL of caf f eine-HRP, 1,7- 
EMX.-HRP or 1,7-DMU-HRF conjugate solution. The conjugates 
are stored at 4°C. 
Antibody Production 

Six mature females New Zealand white rabbits 
(Charles River Canada, St-Constant, Que., Canada) were 
used for antibody production. The protocol employed in 
this study was approved by the McGill University Animal 
Care Committee in accordance with the guidelines from the 
Canadian Council on Animal Care. An isotonic saline solu- 
tion (O.s mL) containing 240 ug of KLH conjugated antigen 
was emulsified with 0.6 mL of a complete Freund's adju- 
vant. 0.5 mL of the emulsion (100 ug of antigen) was 
injected per rabbit intramuscularly or eubcutaneously . 
Rabbits were subsequently boosted at intervals of three 
weeks with 50 ag of antigen emulsified in incomplete 
Freund's adjuvant. 3lood was collected without anticoagu- 
lant in a vacutainer tube by venipuncture of the ear 10- 
14 day 3 after boosting and kept at 4«C. After clotting, 
cent rifugat ion at 4'C, sodium a2ide was added to the anti- 
sera to a final concentration of 0.001% ( luL of a 1 % 
sodium azide solution per mL of antisera) . Antisera were 
stored as C.5 mL aliquots at -20 °C. 
Antiserum titers 

The wells of a microtiter plate were coated with 

10 ug mL" 1 of bovine serum albumin-caffeine (or 1,7- 
dimethyl xanthine, 1, 7-dimethyluric acid) conjugate in 
100 mM sodium carbonate buffer. pK 9.6) overnight at 4° C 
(150 uL/well) . They were then washed three times with 



TPBS (phosphate buffer saline containing 0.05 % Tween 20) 
using a Nunc immune- Wash 12 autoclavable . Unoccupied 
sites were blocked by an incubation with 150 uL/well of 
TPBS containing 0.05 % porcir.e gelatin for 2 h at room 
temperature. The wells were washed three times with TPBS 
and 150 uL of antiserum diluted in TPBS was added. After 

2 h at room temperature, the wells were washed three 
times with TPBS, and 100 uL of goat anti-rabbit IgGs- 
alkaline phosphatase conjugate diluted in PBS containing 
1% BSA was added. After I h at room temperature, the 
wells were washed three times with TPBS and three times 
with water. To the wells were added 150 uL of a solution 
containing MgCl 2 (0- 5 mM) and p-nitrophenol phosphate 
(3.85 mM) in diethanolamine buffer (10 mM, pH 9.8). After 

3 0 mm at room temperature, the absorbency was read at 
405 nm with a microplate reader. The ar.cibody titer is 
defined as the dilution required to change the absorbance 
by one unit ( 1 au) . 

isolation of IgG antibodies 

Rabbit igG antibodies against KXK conjugates were 
purified by affinity chromatography on a Protein A-Sepha- 
rose 4B column as follows. A 0.9 x 15 cm Pharmacia chro- 
matographic column was packed with Protein A-Sepharose 4B 
suspension to a volume of 1 mi. The column was washed 
generously with a 0.01 M Na ; HP0 4 -NaH 2 PO 4 buffer, pH 8.0 
containing 0.15M NaCi (PES) and then washed with 3-4 mL 
of a 0.1 M trisodium citrate buffer, pH 3.0. The column 
was then washed generously with PES. 1 mL of rabbit 
antiserum is diluted with 1 mL PBS, and the resulting 
solution is slowly applied to the column. The column is 
washed with 15 mL PBS and eluted with a 0.1 M trisodium 



citrate buffer, pH 3.0. Three fractions of 2.2 mL were 
collected in 15 -mL graduated tubes containing 0 . 8 mL of 1 
M Tris-HCi buffer, pH 6.5, The purified rabbit IgG anti- 
bodies were stored at 4 0 C in the presence at 0.01 % 
sodium azide. 
Competitive antigen ELISA 

Buffers and water without additives are filtered 
trough 0.45 jiiM miilipore filters and kept for one week, 
except the substrate buffer which was freshly prepared. 
3SA, antibodies, Tween T " 20 and horse radish peroxidase 
are added to buffers and water just prior to use. Urine 
samples are usually collected four hours after drinking a 
cup of coffee (instant or brewed with approximately 10 0 
mg of caffeine per cup^ and stored at -20°C as 1 -mL ali- 
quots in 1.5-mL microtubes . For the ELISA, the urine sam- 
ples are diluted with isotonic sodium phosphate buffer, 
pK 7.5 (310 mosM) to give concentrations of caffeine, 
1.7-DMX and 1,7-DMU no higher- than 3 x 10~ 6 M in the 
microliter plate wells.' Wells of the ELISA plate were 
washed, with a Nunc-Inmuno wash 12 washer. Sixteen mL of a 
solution of 6.6 fig ml"- of isolated IgG antibodies is pre- 
pared in a 100 mM sodium carbonate buffer, pK 9.6, and 
150 yLL of this solution is pipetted in each well of a 
microtiter plate using a eight channel pipet (3rinkmann 
Trans f erpette^-S 50-200 ^L) and 200.UL Flex tips from 
Brinkmann) , After coating the wells with antibodies at 
4°C for 2C hour3, the well a were washed 3 times with the 
isotonic sodium phosphate buffer containing 0.05% Tween™' 
20 (IPBT) and properly drained by inverting the plate and 
absorbing the liquid on piece of paper towel. Thirty mL 
of a solution of a IPBT solution containing 1 % BSA is 



prepared and 150 of this solution is pipetted in each 
well using a eight channel pipet (BrirJcmann Transferpet- 
te™-8 50-200 fiL) and 200 fiL yellow tips (Sarstedt yellow 
cips for P200 Gilson Pipetman) . After 3 hours at room 
temperature, the wells were washed 3 times with IPBT 
solution and drained. Samples of 400 uL for determina- 
tion of caffeine, 1,^-DMX and 1,7 -EMU are prepared in 
1.5-mii microtubes using Sarstedt yellow tips and a P200 
Gilson Pipetman. e) 200 uL of each sample are pipetted in 
duplicate in a Falcon 96-well microtest tissue culture 
plate according to the pattern shown in Figure 10, using 
Sarstedt yellow tips and a P200 Gilson Pipetman. Using an 
eight channel pipet (Brinkttiann Transf er?ette™-8 50-200 
M L) and changing the tips of the eight channel pipet 
(200uL Flex tips from 3rinkmann) at each row, 150 ^ of 
samples are transferred m the corresponding wells of a 
56-well ELISA microtiter place coated with antibodies. 
After the addition of the samples, the microtiter plates 
are covered and left standing at room temperature for 2 
h: While the plate is left standing the substrate buffer 
without the hydrogen peroxide and o -phenyl enediamine 
hydrochloride is prepared (25 mM citric acid and 50 mM 
sodium phosphate dibasic buffer, pH 5,0;. The microtiter 
plate is washed 3 times with the I?BT solution and 3 
times with a 0.05% Tween~ solution and drained. 50 uL of 
hydrogen peroxide and 40 mg of o-phenylenediamine are 
added to the substrate buffer. One hundred fifty microli- 
ters (150 jiL) of the substrate buffer solution is then 
added to each wells using a eight channel pipet (3nnk- 
mann Transf erpette- K -3 50-2C0 uL-> and 200uL Flex tips 
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(Brinkmsnn) . The micrctiter plate is covered and 3haken 
for 25-30 xciin at room temperature and the enzymatic reac- 
tion is stopped by adding 50 uL/weli a 2.5 M KC1 solution 
using an eight channel pipet (Brmkmann Transf erpette™-6 
5 50-200 ,uL) and 2Q0uL ?lex tips (Brinktaann) . After gently 
shaking for 3 min. , the absorbance is read At 430 nm with 
a microplace reader. 

Standard solutions of Caffeine, 1,7 -DUX and 1,7- 
Dizoethyluric acid solutions for ELISA 

10 Prepare a 100 mL stock solution of caffeine, 1,7-DMX and 
1,7-DMU acid at concentrations of €.00 x 10" 4 M in the 310 
nosM sodium phosphate buffer, pK 7.5 (IPB) in a 100 mL 
volumetric flask. Stirring the solution to insure com- 
plete solubilization. 

15 Store the stock solutions as I mL aliquot s at - 

20°C. 

On the day of the ELISA, chaw one aliquot and warm 
up at room temperature „ 

Prepare the following standard solutions of the 
2 0 above compounds 
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Standard # 


[Compound] 


ComposWon 






1 


6.00 xKT* M 


Stock solution 






2 


2.00 x 1(T* M 


200 fxL S1 + 






3 


1.12x10^ M 


200 * r iL bi + 


ODD JAL IrO 




4 


6.00 xlO* 3 M 


100}iLb1 + 


yUU |4L IrD 




5 


3.56 x10" 5 M 


60 \iL S1 + 


951 ]nL IPB 




6 


2.00 X10' 5 M 


100u.LS2 + 


,i inn 

900 p.L IPd 




7 


1.12x10"® M 


l00p,LS3 + 


900 JJ.L Irb 




8 


6.00 x10' 6 M 


100 nLS4 + 


900 |LiL IPB 




9 


3.56xl0" e M 


100mLS5 + 


900 JiL IPB 




10 


2.00x10^ M 


100|iLS6 + 


900 pL IPB 


ru 


11 


1.12X10" 6 M 


100.ULS7 + 


900 IPB 




12 


6.00 xl 0' 7 M 


100 jiLSS + 


900 nL IPB 




13 


3.56 xlO' 7 M 


100 ^LS9 + 


900 juL IPB 




14 


2.00 x10' 7 M 


100 mL S10 + 900 \xL IPB 


H 


15 


1 12 x 10* T M 


100 |*L S11 + 900 ]± IPB 




16 


6.00x10* M 


100 nLS12 + 900 \xL IPB 




17 


3.56x10* M 


100 S13 + 900 jiL IPB 




18 


2.00x10* M 


100 pLS14+ 900 jaL IPB 




.19 


2.00 x 1GT 9 M 


100 |uL S15 + 900 mL IPB 




20 


2.00 x 10 ' c ' M 


100 jJ- S15 i 


r 900 >iL IPB 




21 


ZOO x 10* 11 M 


100 \iL S15h 


i- 900 \xL IPB 




22 


2.00x17 13 M 


100 S15 + 900 nL IPB 




23 


2.00x10" 1s M 


100 jxL S15 + 900jaL IPB 



Antibody Specificity 

To ensure accuracy in the SLI3A measurement of CYP 
1A2 phenocypinc, the antibodies ir/asr have specificity for 
5 their individual caffeine metabolites, with little or no 
recognition of ether derivatives. Tc ensure their selec- 
tivity an ELISA will be performed with standard solutions 



of the compounds U acad in Table 5 fe ..^ ^ 

specific^ result 18 hypothesized with the Table 5 as 
well. as 

Table 5 

-• 61116 metabolites a nd structural an al^. 

% Cross-reaction 
Caffsine-Ab 1,7-DMX-Ab 1,7-DMir-Ab 



Compound 

Caffeine 
Xanthine 

Hypoxan thine 
1- Me thy! Xanthine 
3 -Methyl Xanthine 
7 -Methyl Xanthine 
e -Methyl Xanthine 
1 . 3 -Dimethyl Xanthine* 
1,7-Dimechy Xanthme'- 
3 , 7 -Dimethyl Xanthine 15 
Uric acid 

1-Methyluric acid 

3-Methyluric acid 
-7-Methyluric acid 
1,3-Dimethyluric acid 
1, 7-Dimethyiuric acid 
3, 7 -Dimethyl uric acid 
l'3,?-Trimethyiuric acid 
Guanine 
Uracil 

AAMV f 
AADMU 5 



ICO 
0 

0 
0 
0 
0 
0 
(j 

0 

0 

0 
0 
0 
0 
0 

c 

0 

0 
0 
0 

c 



0 £ 
0 

0 
0 
0 
0 

c 

G 

100 

0 
0 
0 
0 

c 

0 

0 

0 

0 

0 

0 

0 

0 

0 



0 
0 
0 

Q 

0 
0 

\J 

0 
0 
0 
0 
0 

c 
o- 

0 

100 

c 

0 
0 
0 
0 
0 
0 
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a, The number 0 indicates either an absence of inhibition 
or an inhibition no higher than 40% at the highest con- 
centration tested in the ELI SA (5 x 10' z M) ; concentra- 
tions of caffeine, 1,7-Dimathyi Xanthine and 1,7- 
5 Dimethyluric acid required for 50% inhibition in the 
competitive antigen EL ISA will be determined; b, 1,3- 
Dimethyl Xanthine, theophylline; c, 1 r 7 -Dimethyl Xan- 
thine, paraxanthme; d, 3 , 7 -Dimethyl Xanthine, theobro- 
mine; e, AAU, 5-acetamido-6-amincuracil; f, AXMU, 5-acet- 
10 amido-6-amino-3-methyluracii ; f, AADMU , 5-acetamido-6- 

m ammo-1, 3 -dimethylxanthine . 

H RESULTS 

fU Positive creation of antibodies against caffeine, 

J= 1,7-DMX, and 1,7-DMU can be seen by antibody titers of 

S 15 30,000-100,000 as determined by the ELISA, strong pre- 

LL! 

= cipitation lines after double immunodiffusion in agar 

[Tj plates of antisera and derivatives conjugated to rabbit 

serum albumin, and low cross-reactivity with other caf- 
• % u feine derivatives . These results constitute positive con- 

% - 2 0 dition3 for the development of a competitive antigen 

ELISA according to the methods described in the above 

section entitled Materials and Methods . 

In accordance with one embodiment of the present 

invention, a competitive antigen ELISA will be developed 
25 for CYP 1A2 phenctyping using caffeine as the probe drug. 

Contrary to current methods used for phenctyping, the 

assay is sensitive, rapid and can be readily carried out 

on a routine basis by a technician with a minimum of 

training in a clinical laboratory. 



EXAMPLE II 



Determination of Caffeine, 1 , 7 -Dimethyl Xanthine (1,7- 
D>DO and 1, 7-Dimethyluric acid (1,7-DMU) in urine samples 

with the ELISA kit 



Table 6 



Content of the 


ELISA kit 


and 


conditions of 


storage 


Item 


Unit 


State 


Amt. 


Storage 
Conditions 


1 WccI 1 


i vio' 


lltV Jlfl 


250 uL/viat 


4°C 


M2W2 


1 vis! 


MCjUlU 


2^*0 i il Asial 


4°C 


y-x rr • t inn 

Oaiteine-nKr' 


1 vial 


liquid 


9^0 i il /vial 


*♦ w 


i,i -l> iv»y\-n rM" 


1 VI Si 


liquid 


^S*v\ I'll 




1 ,7-DlvlU-nKr 


i Vtai 


liquid 


ocfi mI /vial 




Buffer A 


4 vials 


Solid 


0.8894 g /viaf 


4°C 


Buffer B 


6 vials 


Solid 


1 .234 g/vfal 


4°C 


Buffer C 


6 vials 


Soiid 


1.1170 g/vial 


4 C C 


Buffer D 


6 vials 


Solid 


0.3032 g/vial 


4°C 


PJate (Caffeine-Ab) 


2 


Solid 




4°C 


Plate (1.7-DMX-Ab) 


2 


Soiid 




4°C 


Plate (1,7-DMU-Ab) 


2 


Soiid 




4°C 


Buffer E 


6 vials 


Solid 


0.9567 g/vial 


-20 C C 


Standards (Caffeine) 


14 vials 


Liquid 


200 pL 


-20°C 


Standards (1J-DMX) 


14 vials 


Liquid 


200 mL 


-20°C 


Standards (1,7-DMU) 


14 vials 


Liquid 


200 pL 


-20°C 


1 N NaOH 


1 bottle 


Liquid 


15 mL 


20°C 


1N HCI 


1 bottle 


Liquid 


15 mL 


20 6 C 



Dilutions of urine samples for the determinations of 
[Caffeine], [l,7-DMX]and [IX] by ELISA 

The dilutions of urine samples required for deter* 
ruinations of caffeine, 1,7-DMX and 1,7-DMU are a function 
of the sensitivity of the competitive antigen ELISA and 




- 46 - 

of caffeine, 1,7-DMX and 1,7-DMU concentrations in urine 
samples. It is suggested to dilute the urine samples by a 
factor so that AAMU and IX are about 3 x 1C~* M in the 
well of che microliter plate. 

5 

Table 7 

Microtube # 



Dilution Factor 


20x 


40x 


50x 


sox : ioox 


150X 


200X 


400x 


\ Solution 1 


2 


3 


4 


5 


6 


7 


8 


Urine Sample (mL) 3 
10x diluted 


500 


250 


200 


125 


100 


66.7 


50 


25 


Buffer 8 (mL) 


500 


750 


800 


875 j 900 
I 


933.3 


950 


975 



t I I I L~ I I 

a: Vortex the microtubes containing the urine sample before pipet- 



10 ting. 

Score the diluted urme samples at -20*c in a box for microtubes. 
Buffer E: dissolve the ccncenc of 1 vial £/ lOCmL 

Determination of [caf f einel , [1,7-DKX] and [1,7-DMU] in 
diluted urine samples by ELISA 

15 Precautions 

The substrate is carcinogenic, Wear surgical 
gloves when handling Buffer E (substrate buffer) . Each 
sample is determined in duplicace. An excellent pipecing 
technique is required. When this technique is mastered 

20 the absorbency values of duplica-es should be within less 
than 5%. Buffers C, D, 2 are freshly prepared. Buffer E- 
H 2 0 2 is prepared jusc prior to pipeting in the microtiter 
plate wells. 
Preparation of samples: 

25 Prepare table 3 with a computer and print it. This 

table shows the concern: 3 of each well of a 96 well micro- 
titer plate. Enter the name of the urine sample (or num- 
ber) at the corresponding well positions in Table 8 . 



Select the dilution factor (D.F.J cf each urine sample 
and enter at the corresponding position in Table 8. Enter 
the dilution of each urine sample with buffer B at: the 
corresponding position in Table 8; for example a D.F. of 
100 (IGOjiL of lOx diluted urine sample + 500 buffer 
B) , enter 100/900. See "Dilutions of urine samples,./' pro- 
cedure described above for the preparation of the differ- 
ent dilutions. Prepare the different dilutions of the 
urine samples in 1.5 mL microtubes using a styrof oam sup- 
port for 100 microtubes. Prepare Table ? with a computer 
and print it. Using a styrof oam support (100 microtubes), 
prepare c he following 48 microtubes m the order indi- 
cated in Table 9. 



Table 8 

Positions of blanks, control and urine samples in a 

microtiter plate 



Sample 


weit ff 


u.r. 


Dil. 


Sample 


wen w 


"rip 


nil 


Blank 


1-2 






Control 


A ft Crt 

49-bO 






Control 


3-4 






8 


51-52 






S1 


5-o 






9 


fro c a 

53-54 






S2 


7-8 






10 


55-56 






S3 


9-10 






11 


57-58 






S4 


11-12 






12 


59-60 






S5 


13-14 


■ 


! 13 


61-62 






S6 


15-16 






14 


63-64 






S7 


17-18 






15 


65-66 






SB 


19-20 




I 16 


67-63 






S9 


21-22 






69-70 






S10 


23-24 






Control 


71-72 




* 


S11 


25-26 


— 




18 


73-74 | 




S12 


27-28 






19 


75-76 






S13 


29-30 






20 


77-78 






S14 


31-32 






21 


79-80 






S15 


33-34 






22 


81-82 






1 


35-36 






23 


83-84 






2 


37-38 






24 


85-86 






3 


39-40 






25 


87-88 






4 


41-42 






26 


89-90 






5 


43-44 






27 


91-92 






6 


45-46 






28 


93^94 






7 


47-43 






Blank 


95-96 







Mi 
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Table__9_ 

Content of the different raicrotubes 



Tube# 


Sample 


Content 


Tube # 


Sample 


Content 


1 


Blank 


Buffer B 




7 


uu. urine 


2 


Control 


Buffer B 




Q 

O 


uii. unne 


3 


S1 


Csffeme/1 7-DMX/1 7-DMli 


97 


Q 


uii. unne 


4 


S2 


Caff^ineM 7-DMX/t 7-DMLf 


9ft 




uii. unne 


5 


S3 


Caffeine/1 7-DMX/1 7-DWU 


9Q 


1 1 


uii. unne 


6 


S4 


Caffeine/1 7-DMX/1 7-HMI J 


in 




uji. unne 


7 

f 


S5 


Caffe*inA/1 7.DMY/1 7 nM! 1 
udiiciiit;/ i , / -u/lvl A/ l ,/ -UlvlU 


OJ 




DiL Unne 


3 


S6 


fallen Jc/ l./"L/IViA/ J./-UIV1U 


i * 


i 14 


Dil. Unne 


Q 


S7 


wancii iCf i,f "l/ivia) 1 1 / ■*-U|VIVj 




15 


Dii. Urine 


10 


S3 




o4 


»o 


Dfl. Unne 


11 


S9 


Caffeinp/1 7-DMX/1 ?.nM! i 


JO 


■1 7 


uil unne 


12 


SiO 


CafreirWl 7-DMX/l 7.nMi 1 




ooniroj 


Butter b 


13 


S11 


Caffeine/1 7-DMX/1 7~ntM i 


17 


1 o 


Dir. urine 


14 


S12 


\— -ell icii IC; I , » "LJlvl A/ l,/~UiVIU 






Dil. Urine 


15 


S13 


Caffeine/1 J-DMX'1J-DMU 


39 


20 


Dil. Urine 


16 


S14 


Caffeine/1 7-DMX/1 ,7-DMU 


40 


21 


Dil. Urine 


17 


S15 


Caffeine/1 .7-DMX/1 ,7-DMU 


41 


22 


Dil. Urine 


18 


1 


Dil. Urine 


42 


23 


Dil. Urine 


19 


2 


Oil. Urine 


43 


24 


Dil. Urine 


20 


3 


Dil. Urine 


44 


25 


Dil. Urine 


21 


4 


Dii. Urine 


45 


26 


Dil. Urine 


22 


5 


Dil Urine 


46 


27 


Dil. Urine 


23 


6 


Dii. Urine 


47 


28 


Dil. Urine 


24 


Control 


Buffer B 


48 


Blank 


Buffer B 



Solutions 

5 Buffer C: Dissolve the content of one vial C/50 cnL. 
Pipet 25 tTLu of Tween™ 20. 

Buffer D: Dissolve the content of one vial D/25 mL. 
Pipet 25 rrX of Tween™ 20. 



0,05% Tween™ 20; Pipet 25 mL of Tweerr* 20 an a 100 raL 
erlenmeyer flask containing 50 mL of water. 

2.5N HC1 : 41.75 mL, of 12N HCI/2QG mL . Store in a 250 mL 
glass bottle 

Caffeine-HRF conjugate: Pipet 5 ir.L of Buffer C in a 15 
mL glass test rubs. Pipet 90 jit. of caffeine-KRP stock 
solution. 

1,7-DMX-HRP conjugate: Pipet 9 mL of Buffer C in a 15 
mL glass test tube. Pipet SO j^L ox 1,7-DMX-HRP stock 
solution. 

1,7-DMU-HRP conjugate: Pipet 9 mL of the 2% BSA solu- 
tion in a 15 mL glass tesn tube. Pipet 90 j*L of 1,7-DMU- 
H3.P stock solution - 

Buffer E - H 2 0 2 : Dissolve the contents of 1 vial E- 

subatrate/50 mL water. Pipet 25 ^L of a 3 0% H 2 G 2 solution 
(prepared fresh) , 



4 




Table 10 

Standard solutions of caffeine, 1,7-DMX and 1, 7-DMU 
(diluted with buffer B) 



Standard 


Caffeine 


Standard 


1,7-DMX 


Standard 


1,7-DMU 


1 


1.12 x 1<T M 


1 


1.12 X 10"* M 


1 


1.12x10 iVi 


2 


6.00 x 1Q*M 


2 


6.00x10' 5 M 


2 


6.00 x 10" 5 M 


3 


3.56xlO* £ M 


3 


3.56xlO' £ M 


3 


3.56 x 10" 5 M 


4 


2.00 x lO^M 


4 


2.00 x 10' 5 M 


4 


2.00 x 10"* 5 M 


c 




5 




5 


6.00 x 10" 6 M 


6 


356x10^ 


6 


3.56 x 10"* M 


6 


3.56 x 10**M 


7 


2.00 x 10** M 


7 


2.00x10** M 


7 


2.00x10 _6 M 


8 


1.12 X 10** M 


& 


1.12 x 10" 5 M 


8 


1.12 X 10* M 


9 


6 00 x 10' 7 M 


9 


6.00x1O~ 7 M 


9 


6.00x10' 7 M 


10 


3:56 x iO" 7 M 


10 


3.56 X^M 


10 


3.56x10" T M 


11 


2.00 X 10* 7 M 


11 


2.00 x 10" 7 IV! 


11 


2 00x10" 7 M 


12 


1.12 x 10" 7 M 


12 


1/ 2 x 10* 7 M 


12 


1.12x10" 7 M 


13 


6.00 x 10** M 


13 


6.C0x 10** M 


13 


6.C0x 10* *M 


14 


3.56 X10* 6 M 


14 


| 3.56x10' s M 


j 14 


3.56 X 10* M 


15 


2.00x10" 6 M 


15 


j 2.00 x 10* M 


j 16 


2.00 x 10** M 



5 Conditions of the ELISA 

Pipet 50 j^L/well cf Caffeine-HHP -1,7-dmx-HRP or 
1, 7-DMU-KRP) conjugate solution starting from the last 
row. pipet 50 uL/well of diluted urine samples in dupli- 
cate! standards, blank with a micropipet: (0-200 fiL) , 

10 starting from well # 96 (see Table 11) . Cover the plate 
and mix gently by vortexing for several seconds. Leave 
the plate at room temperature for 3 hours. Wash three 
times 'with 10 0 (xL/well buffer C, using a microtiter plate 
washer. Wash 3 times with 100 uL/well 0.05% Tween™ 20 

15 solution. Pipet 150 jaw we 11 of Buffer E - H2C2 (prepared 
juBt prior to pipeting in the microtiter plate veils) . 
Shake for 20-3 0 min . at room temperature using an orbital 
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shaker. Pipet 50 jiL/well of a 2.5N HCI solution. Shake 3 
min. with the orbital shaker an rcom temperature. Read 
the absorbance of the wells with a microliter plate 
reader at 4 90 rnn. Print the sheet of data and properly 
5 label. 

Calculation of the [caffeine], [1,7-DMX] and [1,7-BMU] in 
urine samples from the data 

Draw table 11 with a computer. Using the data 

sheet of the microtiter plate reader, enter the average 
10 absorbance values of blanks, controls (no free hapten 
present;, standards and samples in Table 11. Draw the 
calibration curve on a semi - logarithmic plot (absorbance 
at 490 nm as a function of the standard concentrations) 
using sigma-plot (or other plot software) . Find the 
15 [AAMU] (or [IX] ) in the microtiter well of the unknowns 
from the calibration curve and enter the data in Table 
12. Multiply the [caffeine] { [1, 7-DMX] or [1,7-DMU] of 
the unknown by the dilution factor and enter the result 
in the corresponding cell of Table 12 . 



Table 11 

Average absorbance values of samples in the microtiter 

plate 



Sample 



Blank 
Control 

S1 

S2 

S3 

S4 

S5 

S6 

S7 

SB 
S9 
S10 
S11 
S12 
S13 
S14 
S15 
1 
2 
3 
4 
5 
6 
7 



Well# 



1-2 
3-4 
5-6 
7-8 
9-10 
11-12 
13-14 
15-16 
17-18 
19-20 
21-22 
23-24 
25-26 
27-28 
29-30 
31-32 
33-34 
35-36 
37-38 
39-40 
41-42 
43-44 
45-46 
47-48 



Sample 



Control 

8 
g 

10 

11 

12 

13 

14 

15 

16 

17 
Control 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
Blank 



Well* 



49-50 

51-52 

53-54 

55-56 

57-58 

59-60 

61-62 

63-64 

65-65 

67-68 

69-70 

71-72 

73-74 

75-76 

77-78 

79-80 

81-82 

83-84 

85-86 

87-88 

89-90 

91-92 

93-94 

95-96 



A490 



- 55 - 



Table 13 

Composition of the different buffers 



Buffer 


pH 


Composition 


Cone. (mM) 


P] (mM) 


A 


7.50 


0.15629 9/100 nnL NaHzPO* 
1.622 g/100 mL Na : HPO.,.7H 2 0 
1.778 g/100 mL (total weight) 


11.325 
60.099 


71,424 


B 


7.50 


0.1210191 g/100 mL NaH 2 P0 4 
1.1 1309 g/100 mL Na 2 HPO t .7H z O 
1.2341 g/100 mL (total weight) 


8.769 
41.23 


49.999 


c 


7 c n 


j g/ luumL bsa 
0.1210191 g/100 mL NaH 2 P0 4 
1.11309 g/100 mL Na z HP0 4 .7H 2 0 
2.2341 g/100 mL (total weight) 


8.769 
41.23 


49.999 


D 


7.50 


2g/100mL BSA 
v. ix ju iy i g/ 1 uo mL NaHzPO; 
1.11309 g/100 mL Na £ HP0 4 .7H 2 0 
3.2341 g/100 mL (total weight; 


8,769 
41.23 


49.999 


E 

i 


5.00 

i 


0.52508 g/ lOOmL of citric acid. 
1.34848 g/100 mL Na 2 HP0 4 .7H 2 0 
40 mg/100 mL of o-phenyienedi- 
amine hydrochloride 
1.913567 g/100 mL (total weight) 


25 - 
50 





while the invent i or. has been described in connec- 
tion with specific embodiments thereof, it will be under- 
stood that it i s capable of further modification* and 
this application is intended to cover any variations, 
UBea, or adaptations of the invention following, in gen- 
eral, the principles of the invention and including such 
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departures from the present disclosure as come within 
known or customary practice within the art to which the 
invention pertains and as may be applied to the essential 
features hereinbefore set forth, and as follows in the 
5 scope of the appended claims. 
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WHAT IS CLAIMED IS: 



1. A method of determining CYP 1A2 phenotype of an 

individual which comprises measuring molar ratio of caf- 
feine and first and second different metabolites of caf- 
feine m a bioicgicai sample of said individual after 
drinking a caffeine solution with at leas- three antibod- 
ies, each specific no caffeine or a different metabolite 
of caffeine, wherein a molar ratio of 4 is indicative of 
slow intermediate and of 12 is indicative of fast CYP 1A2 
metabolizers; and whereby said molar ratio is indicative 
of a CYP 1A2 phenctype of said individual. 

2. The method of claim 1, wherein said first caffeine 

metabolite is selected from the croup consisting of 1,7- 
dimethylxanthine (1,7 DMX) . and those illustrated in Pig. 
3; wherein said second caffeine metabolite is selected 
from the group consisting of 1 , 7-dimethyluric acid (1,7 
DMU) , and those illustrated m Fig. 4; and wherein said 
third metabolite is selected from the group consisting of 
1,3 , 7-trimethyIxanthine (caffeine) and chose ■ illustrated* 
in Fia, 2 > 



3. The method of claim 2, wherein said biological 
sample is urine sample. 

4. The method of claim 3, wherein said determined CYP 
1A2 phenotyps of said individual allows physician to pre- 
dict susceptibility to carcinogen induced disease and/or 
to individualize drug treatments . 
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5, A competitive enzyme linked immunosorbent assay 
(ELISA) method for determining CYP 1A2 phenctype, which, 
comprises using at lease three antibodies each specific 
to caffeine or a different metabolite of caffeine to 
measure their molar ratio in biological sample of an 
individual after drinking a caffeine solution; wherein a 
molar ratio of 4 is indicative of slow intermediate and 
of 12 is indicative of fasc CYP 1A2 metaboiizers ; and 
whereby said molar ratio is indicative of a CYP 1A2 phe- 
notype of said individual. 

6, The ELISA method of claim 5, wherein said first 
caffeine metabolite is selected from the group consisting 
of I, 7-dimethylxanthine (1,7 DMX) , and those illustrated 
in Fig. 3; wherein said second caffeine metabolite is 
selected from the group consisting of 1 , 7 -dimethyluric 
acid (1,7 DMU) , and those illustrated m Fig. 4; and 
wherein said third metabolite is selected from the group 
consisting of 1 , 3 , 7- trimethylxanthine (caffeine) and 
those illustrated in Fig. 2. 

7, The ELISA method of claim 6, wherein said biologi- 
cal sample is urine sample. 

6. The ELISA method of claim 7, wherein the deter- 

mined CYP 1A2 phenotype of said individual allows a phy- 
sician to predict susceptibility to carcinogen induced 
diseases and/or to individualize drug treatments. 



9. a competitive enzyme linked immunosorbent assay 

(ELISA) kit for determining CYF 1A2 phenotype, which com- 
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prises at least three antibodies each specific tc caf- 
feine or a different metabolite of caffeine tc measure 
their molar ratio in biological sample of an individual 
after drinking a caffeine solution/ wherein a molar ratio 
of 4 is indicative of slow intermediate and of 12 is 
indicative of fast GYP 1A2 metabolizers; and whereby said 
molar ratio is indicative of a CYP 1A2 phenotype of said 
individual . 



10. The competitive EL ISA kit cf claim 9.. further com- 
prises; 

a) a plate coated with a first antibody specific to 
caffeine ; 

b ) a second antibody specific to a first metabolite 
of caffeine; 

c - ! a third antibody specific to a second metabolite 

of caffeine; 

3) s known amount of caffeine-horseradish peroxidase 

conjugate wherein a standard calibration curve is 
obtained; 

e) a -known amount of 1 , 7 -dimethyl - xanthine- horserad^ 
ish peroxidase conjugate wherein a standard cali- 
bration curve is obtained; and 

f ) a known amount of l, 7-dimethyluric acid-horserad- 
ish peroxidase conjugate wherein a standard cali- 
bration curve is obtained-. 

11. The method of claim 1 wherein said specific anti- 

bodies are polyclonal or monoclonal antibodies-. 



, ,. r:: h T.r V .-.«.t; :?v •/-■ \\ >■ ■'.*•> v = 0 9363 ?• C ? 
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12. ■ The method of claim 1 wherein said specific anti- 
bodies are polyclonal antibodies. 

13. The competitive antigen enzyme linked immunosor- 
bent assay (ELISA) of daxm 5 wherein said specific anti- 
bodies are polyclonal or monoclonal antibodies. 
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The competitive antigen enzyme linked immunosor- 
bent assay (aiSA) of claim 5 wherein said specific anti- 
bodies are polyclonal antibodies. 

15. The competitive SL.I3A kit of claim 10 wherein said 
specific antibodies are polyclonal or monoclonal antibod- 
ies . 

«.,,-,-■,,..= FT-<sa >it of c" aim 10 wherein said 

16. The competitive bb-sA ki<- ^ — 

specific antibodies are polyclonal antibodies. 

17. A method of determining Ml phenotype of an indi- 
vidual which comprises measuring molar ratio of p-amino- 
salicylic" acid in a biological sample of an individual 
after consuming p -aminosalicylic acid with at least 2 
antibodies each specific to . p- aminosalicylic acid or a 
different metabolite of p-aminosaiicylic acid, and 
whereby said molar ratio is indicative of a NMi pheno- 
type of said individual. 

ie. The method of claim 17, wherein a first p-amino- 
salicylic acid metabolite is selected from the group con- 
sisting of 4 -oxomethyl -aminosalicylic acid and those 



illustrated in Fig. I; wherein p-amir.osal-cylic acid is 
selected and illustrated in Fig. 1. 

19. The method of claim 18, wherein said biological 
satroie is urine sample . 

20. The method of claim 13, wherein said determined 
KAT1 phenotype of said individual allows physician to 
predict susceptibility to carcinogen induced disease 
and/or individualize drug treatments . 

21. A competitive enzyme linked immunosorbent assay 
(ELISA) method for determining NAT1 phenotype, which com- 
prises using at least 2 antibodies each specific to p- 
aminosalicylic acid or a metabolite of p-aminosalicylic 
acid to measure their molar ratio in biological sample of 
an individual after cor.sumir.g p-aminosalicyiic acid; and 
whereby said molar ratio is indicative of a NATi pheno- 
type of said individual . 

22. ' The ELISA method of claim 21, wherein a first p- 
aminosalicylic acid metabolite is selected frora the group 
consisting of 4 -oxomethyl- aminosalicylic acid and those 
illustrated in Fig. 1; wherein p- aminosalicylic acid is 
selected and illustrated in Fig. 1 ■ 

23. The ELISA method of claim 22, wherein said bio- 
logical sample is urine sample. 

24. The ELISA method cf clam 23, wherein the deter- 
mined NATI phenotype of said individual allows a physi- 
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cian to predict susceptibility to carcinogen induced dis- 
eases and/or to individualize drug treatments . 



25. A competitive enzyme linked immune sorbent assay 
{ELISA} kit for determining NAT1 pher.otype, which com- 
prises at least 2 antibodies each specific to p- amino- 
salicylic scid or a metabolite of p-aminosaiicylic acid 
to measure their molar ratio in a biological sample of an 
individual after consuming p- aminosalicylic acid, and 
whereby said molar ratio is indicative of a NAT1 pheno- 
type cf said individual. 

26. The competitive ELISA kit of claim 25, further 
comprises : 

a) a plate coated with a first antibody specific to 

p - ami nosa 1 i cy 1 i c acid; 
ip) a second antibody specific to a firsc metabolite 

of p- aminosalicylic acid; 

c) a known amount of p-aminosalicylic acid-horserad- 
ish peroxidase conjugate wherein a standard cali- 
bration curve is obtained; ar.d 

d) a known amount of p-ammosaiicyiic metabolite- 
horseradish peroxidase conjugate wherein a stan- 
dard calibration curve is obtained. 

27. The method of claim 17 wherein said specific anti- 
bodies are polyclonal or monoclonal antibodies. 

23. The method of claim 17 wherein s^id specific anti- 

bodies are polyclonal antibodies. 



29. The competitive antigen enzyme linked immunosor- 
bent assay (3LISA) of claim 21 wherein said specific 
antibodies are polyclonal or monoclonal antibodies. 

30. The competitive antigen enzyme linked immunosor- 
bent assay (ELISA) of claim 21 wherein said specific 
antibodies are polyclonal antibodies . 

31. The competitive ELISA kit of claim 26 wherein said 
specific antibodies are polyclonal or monoclonal antibod- 

' les . 

32. The competitive ELISA kit of claim 25 wherein said 
soecif ic antibodies are polyclonal antibodies - 

33. A method of determining CYP 2D6 phenotype of an 
individual which comprises measuring molar ratio of first 
and second different metabolites of dextromethorphan in a 
biological sample of said individual after consuming dex- 
tromethorphan wich at least 2 antibodies each specific to 
dextromethorphan or a metabolite, wherein a. molar ratio 
>1 is indicative of slow intermediate and <1 is indica- 
tive of fast CYP 2DS metaboli2ers; and whereby said molar 
ratio is indicative of a CY? 2D6 phenotype of said indi- 
vidual . 

34. The method of claim 33, wherein a first dextro- 
methorphan metabolite is selected from che group com 1st - 
inc of 2 hydroxy- 1 7 -methylmorphinan, and those illus- 
trated in Fig. 5; and dextromethorphan is selected and 
illustrated in Fig. 5. 
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35. The method of claim 34, wherein said biological 
sample is urine sample, 

36. The method of claim 35 , wherein the determined CYP 
2D6 phenotype of said individual allows physician to pre- 
dict susceptibilicy to carcinogen induced disease and/or 
to individualize drug treatments. 

37. a competitive enzyme linked immunosorbent: assay 
(ELISA) method for determining CYP 2D6 phenotype, which 
comprises using at least 2 antibodies each specific to 
dextromethorphan or a metabolite of dextromethorphan to 
measure their molar ratio m a biological sample of an 
individual after consuming dextromethorphan, wherein a 
molar ratio >1 is indicative of slow and a molar ratio <1 
is indicative of fast CYP 2D6 metabolizers; whereby said 
molar ratio is indicative of a CYP 2D6 phenotype of said 
individual , 

28.. The 5 LISA method of claim 37, is selected from the 
group consisting of 3 -hydroxy- 17 -methylmorphinan, and 
those illustrated in Fig. 5, a dextromethorphan is 
selected and illustrated in Fig- 5. 

39. The ELISA method of claim 35, wherein said bio- 
logical sample is urine sample. 

40. The ELISA method claim 38, wherein the determined 
CYP 2D6 phenotype of said individual allows a physician 
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to predict susceptibility to carcinogen induced diseases 
and/or to individualise drug treatments. 

41. A competitive enzyme linked immunosorbent assay 

(EX-ISA) kit for determining CY? 2D6 phenotype, which com- 
prises at least 2 antibodies each specific to a different 
metabolite of dextromethorphan to measure their molar 
ratio in a biological sample of an individual after con- 
suming dextromethorphan, wherein a molar ratio >1 is 
indicative of slow and a molar ratio <rl is indicative of 
fast CYP 2D6 metabclizers; whereby said molar ratio is 
indicative of a CYP 2DS phenotype of said individual. 



42 



rhe competitive ELISA kit of claim 41, further 



comprises : 

a) a plate coated with a first antibody specific to 
dextromethorphan ; 

b) a second antibody specific to a first metabolite 
of dextromethorphan; 

C ) = known amount of dextromethorphan -horseradish 

peroxidase conjugate wherein a standard calibra- 
tion curve is obtained; and 

3) a known amount of dextromethorphan metabolite- 

horseradish peroxidase conjugate wherein a stan- 
dard calibration curve is obtained; and 

43. The method cf claim 33 wherein said specific anti- 
bodies are polyclonal or monoclonal antibodies. 

44. The method of claim 32 wherein said specific anti- 
bodies are polyclonal antibodies. 



45. The competitive enzyme linked immunosorbent assay 
(ELISA) cf claim 3 7 wherein said specific antibodies are 
polyclonal or monoclonal antibodies. 

46. The competitive enzyme linked immunosorbent assay 
(ELISA) cf claim 37 wherein said specific antibodies are 
polyclonal antibodies . 

47. The competitive ELISA kit c£ claim 42 wherein said 
specific antibodies are polyclonal or monoclonal antibod- 
ies . 

48. The competitive ELISA kit of claim 42 wherein said 
specific antibodies are polyclonal antibodies. 

49. a method of determining CYP 2EI phenotype of an 
individual which comprises measuring molar ratio of first 
and second different metabolites of chlorzoxazone in a 
biological sample of an individual after consuming chlor- 
zoxazone with =it least 2 antibodies, each specific to a 
different metabolite of chlorzoxazone, whereby said molar 
ratio is indicative cf a CY? 2E1 phenotype of said indi- 
vidual . 

SC. The method of claim 49, wherein a first chlorzox- 
azone metabolite is selected from zhe group consisting of 
5-chloro-6-fcydroxy-ber.20xazcle, and those illustrated in 
Fig. 6; chlorzoxazone is selected and illustrated in Fig. 
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51. The method of claim 50, wherein said biological 
sample is urine sample . 

52. The method of claim 51, wherein the determined CYP 
2E1 phenocype of said individual allows physician to pre- 
dict susceptibility to carcinogen induced disease and/or 
to individualise drug creatmente . 

53. a competitive enzyme linked immunosorbent assay 
(ELISA) method for determining CYP 251 phenotype, which 
comprises using at least 2 antibodies each specific to a 
different metabolite of chlorzoxazone to measure their 
molar ratio in a biological sample of an indix-idual after 
consuming chlorzoxazone; whereby said molar ratio is 
indicative of a CY? 2E1 phenotype of said individual. 

54. The ELISA method cf claim 53, wherein a first 
chlorzoxazone metabolite is selected from the group con- 
sisting of 5-chloro-6-fcydroxy-benzoxazole, and those 
illustrated m Fig. 6, and chlorzoxazone is selected and 
illustrated in Fig. 

55. The ELISA method of claim 53, wherein said bio- 
logical sample is urine sample. 

56. The ELISA method claim 53, wherein the determined 
CYP 2E1 phenotype of said individual allows a physician 
to predict susceptibility to carcinogen induced diseases 
and/or to individualize drug treatments. 



57. A competitive enzyme linked immune sorbent assay 
(ELISA) kit for determining CYP 2E1 phenotype, which com- 
prises least 1 antibodies each specific to a different 
metabolite of chlorzoxazone to measure their molar ratio 
in a biological sample of an individual after consuming 
chlorzoxazone; whereby said molar ratio is indicative of 
a CYP 2E1 phenotype of said individual . 

58. The competitive SLISA kit of claim 57, further 



comprises 
a) 



b) 



c) 



d) 



a plate coated with a first antibody specific to 
chloroxazone ; 

a second antibody specific to a first metabolite 
of chlorzoxazone ,- 

a known amount of chlorzoxazone -horseradish per- 
oxidase conjugate wherein a standard calibration 
curve is obtained; and 

a known amount of chlorzoxazone metabolite-horse- 
radish peroxidase conjugate wherein a standard 
calibration curve is obtained. 

The method of claim 49 wherein said specific anti- 
bodies are polyclonal or monoclonal antibodies. 

60. The method of claim 45 wherein said specific anti- 
bodies are polyclonal antibodies. 

61. The competitive ancigen enzyme linked immunosor- 
bent assay (ELISA) of claim 53 wherein said specific 
antibodies are polyclonal or monoclonal ancibodies- 



59. 



62. The competitive antigen enzyme linked immunosor- 
bent assay (ELISA) of claim 53 wherein said specific 
antibodies are polyclonal antibodies. 

63. The competitive ELISA kit of claim 56 v/herein said 
specific antibodies are polyclonal or monoclonal antibod- 
ies . 

64. The competitive EL.1SA kit of claim 58 wherein said 
specific antibodies are polyclonal antibodies. 

35 1 a method of determining CYP 3A4 phenotype of an 

individual which comprises measuring molar ratio of first 
and second different metabolites of dextromethorphan in a 
biological sample of an individual after consuming dex- 
tromethorphan with at least 2 antibodies, each specific 
to dextromethorphan or a metabolite of dextromethorphan, 
whereby said molar ratio is indicative of a CYP 3A4 phe- 
notype cf said individual . 

66. The,,- method, of. claim. 55,. wherein a first, dextro- 
methorphan metabolite is selected from the group consist- 
ing of 3-methoxy-morphinan, and those illustrated in Fig. 
7; and dextromethorphan is selected and illustrated in 
Fig. 7. 

67. The method of claim 66, wherein said biological 
sample is urine sample. 



68. The method of claim 67, wherein the determined CYP 
3A4 phenotype of said individual allows physician to pre- 



diet susceptibility to carcinogen induced disease and/or 
to individualize drug treatments. 

59. a competitive enzyme linked immunosorbent assay 
(ELISA) method for determining .CYP 3A4 phenotype, which 
comprises using at least 2 antibodies each specific to a 
different metabolite of dextromethorphan to measure their 
molar ratio in a biological sample of an individual after 
consuming dextromethorphan, whereby said molar ratio is 
indicative of a CYP 3A4 phenotype of said individual. 

70. The ELISA method of claim 69, wherein a first dex- 
tromethorphan metabolite is selected from the group con- 
sisting of 3-methoxymorphinan, and those illustrated in 
Fig. 7; and dextromethorphan is selected and illustrated 

in Fig . 7 - 

71. The ELISA method of claim 63, wherein said bio- 
logical sample is urine sample. 

72. The ELISA method claim 69, wherein the determined 
CYP 3A4 phenotype of said individual allows a physician 
to predict susceptibility to carcinogen induced diseases 
and/or to individualize drug treatments. 

73. A competitive enzyme linked immunosorbent assay 
(ELISA) kit for determining CYF 3A4 phenotype, which com- 
prises at least 2 antibodies each specific to a different 
metabolite of dextromethorphan to measure their molar 
ratio in a biological sample of an individual after con- 



suming dextromethorphan, whereby said molar ratio is 
indicative of a CY? 3A4 phenotype of said individual. 

74. The competitive ELISA kit of claim 73, further 

comprises : 

a) a plate coated with a first antibody specific to 
dextromethorphan ; 

b) a second antibody specific to a first metabolite 
of dextromethorphan ; 

c) a known amounc of dextromethorphan- horseradish 
peroxidase conjugate wherein a standard calibra- 
tion curve is obtained; and 

d) a known amount of dextromethorphan metabolite- 
horseradish peroxidase conjugate wherein a stan- 
dard calibration curve is obtained. 

75. The method of claim 65 wherein said specific anti- 
bodies are polyclonal or monoclonal antibodies. 

76. The method of claim 55 wherein said specific anti- 
bodies are polyclonal anribodies > 

77. The competitive antigen enzyme linked immunosor- 
bent assay (EL ISA) of claim S3 wherein said specific 
antibodies are polyclonal or monoclonal antibodies. 



73. The competitive antigen enzyme linked immunosor- 

bent assay (ELI5A) of claim £9 wherein said specific 
antibodies are polyclonal antibodies. 
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19. The competitive ELISA kit of claim 74 wherein said 

specific antibodies are polyclonal cr monoclonal antibod- 
ies . 



80. The competitive EL ISA kit of claim 74 wherein said 
specific antibodies are polyclonal antibodies. 
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ABSTRACT OF THS INVENTION 

The invention relates to an enzyme linked immuno- 
sorbent assay (ELISA) kit for the rapid determination of 
CY? 1A2 phenotype, which can be used on a routine basis 
in a clinical laboratory. The ELISA kit allows physicians 
to a) individualize therapy of drugs such as theophyl- 
line, tamoxifen, and clozapine and b) -o predict suscep- 
tibility to carcinogen induced diseases such as colon 
rectal cancers. 
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Figure 1. p-aminosalicylic acid derivatives for NAT1 phenotyping by ELISA 
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Figure 2. Caffeine derivatives for CYP1A2 phenotyping by 
ELISA 




Figure 3. 1 Jdimethylxanthine derivatives for CYP1A2 phenotyping by 
EUSA 
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Figure 4. 1,7dimethyluric acid derivatives for CYP1A2 
phenotyping by ELISA 
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Figure 5. Dextromethorphan derivatives for CYP2D6 phenotyping by ELISA 
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Figure 6. Chlorzoxazone derivatives for CYP2E1 phenotyping by ELISA 
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• Figure 7. Dextromethorphan derivatives for CYP3A4 phenotyping by ELISA 
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'Pathways for syntheses of a caffeine derivative and a 1,7-dimethyxanthine derivatives for 
CYP1A2 phenotyping 
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Pathway for the synthesis of a 1/7-dimethyluric acid derivative for CYP1A2 
phenotyping 
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Figure 10 



